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ABSTRACT 
 
A Retrospective and Prospective Analysis of the Demand for Cheese Varieties in the 
United States. (May 2012)  
Yasser Bouhlal, B.S. Institut Agronomique et Vétérinaire Hassan II; M.S. Mediterranean 
Agronomic Institute of Zaragoza 
Chair of Advisory Committee: Dr. Oral Capps, Jr. 
 
The United States cheese consumption has grown considerably over the years. 
Using Nielsen Homescan panel data for calendar years 2005 and 2006, this dissertation 
examines the effect of economic and socio-demographic factors on the demand for 
disaggregated cheese varieties and on the cheese industry in general. In the first essay, 
we estimated the censored demand for 14 cheese varieties and identified the respective 
own-price and cross-price elasticities. Also, non-price factors were determined affecting 
the purchase of each variety as well as the impact of generic dairy advertising. Results 
revealed that most of the natural cheese varieties have an elastic demand while the 
processed cheese products exhibited inelastic demands. Strong substitution and 
complementarity relationships were identified as well, and a two quarter carry-over 
effect of advertising was observed for most of cheese demands. Results also showed that 
household demographics affected the demands differently, depending on the nature of 
the cheese varieties. 
iv 
 
The second essay examined the impact of retail promotion on the decision to 
purchase private label processed cheese products using a probit model. A strong negative 
relationship was found between national brand manufacturer couponing activity and the 
private label purchase decision. Therefore, national brand couponing appears to be an 
effective strategy for manufacturers to deter private label growth. This analysis also 
shows that the decision of purchasing a private label cheese product is influenced by 
socio-demographic characteristics of the household, namely household income and size, 
age and education level of the household head, race, ethnicity, and location. 
In the third study, the feasibility of fortifying processed cheese with omega-3 is 
investigated. This ex-ante analysis took into account the market conditions and evaluates 
the increase in the demand for processed cheese needed to offset the costs of fortification 
in order to maintain the profitability of manufacturers like Kraft. Initially, the censored 
demand for processed cheese products is estimated using panel data; subsequently, the 
profitability of manufacturing such product is determined.This analysis shows that, 
within reasonable market conditions and reasonable marginal costs, the fortification of 
processed cheese products with omega-3 fatty acids indeed is feasible from a 
profitability standpoint to manufacturers. 
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CHAPTER I 
INTRODUCTION 
 
Motivation 
The demand for cheese is one of the most notable factors influencing the dairy 
industry in the United States. Cheese is the dairy product category with the largest 
economic value in the United States. It overtook fluid milk as the largest user of raw 
milk in the late nineties and according to the U.S. Census Bureau, by 2007, the total 
value of all cheese products manufactured was $30 billion. Total U.S. cheese production 
in 2010, excluding cottage cheese, was 10.4 billion pounds, 3.6 percent more than 2009. 
The U.S. consumption of cheese also increased over the years passing from 29 pounds 
per capita in 1999 to 32.9 pounds in 2009 (Figure 1). According to the Food and 
Agricultural Policy Research Institute (FAPRI), the consumption of cheese in the United 
States will continue to growth to reach 34.2 pounds per capita by 2019. More than 400 
varieties are available from the U.S. cheese industry; however, mozzarella and cheddar 
are the leading varieties with 33.4% and 31% of the U.S. production in 2010 (Figure 2). 
Cheese consumption continues to increase thanks to its versatility and 
adaptability to recipes, but also due other factors such as mainstream acceptance of 
ethnic cooking as stated by the Agricultural Marketing Resource Center (AGMRC). 
These ethnic cuisines such as Italian and Mexican use typically more cheese in their 
preparation.  
____________ 
This dissertation follows the style of American Journal of Agricultural Economics.  
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Figure 1. Per Capita Cheese Consumption in the United States 
 
 
 
At the retail level, private label brands (store brands) account for 35% of total 
market share. Over the years, private label products have gained more importance within 
the cheese market. Many experts believe that this growth trend will continue since these 
products often provide good quality at reasonable prices.  
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Figure 2. Cheese Production by Variety in the United States 
 
In addition to food product quality and prices, consumers have developed over 
the years a growing awareness about the impact of nutrition on their health and general 
well-being. Nowadays, several food products are displaying added health benefits and 
enhanced therapeutic properties, most of the time acquired through fortification 
procedures. Recent reports have targeted dairy foods as having a high potential for 
growth in the fortification business. 
In this dissertation, we mainly investigate and discuss questions related to these 
three tendencies: growth and importance of the U.S. cheese industry, the expansion of 
the market share of the private label products, and the increasing awareness among 
consumers toward healthy diet and nutritional issues. 
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Problem Statement 
To insure the long-term growth and profitability of U.S. cheese industry, it is 
extremely important to understand the factors that influence consumer sensitivity to 
price changes for different cheese categories. Pricing decisions are mainly based on the 
analysis of price elasticities and the interrelationships of these elasticities among cheese 
varieties. It is very important as well to identify the non-price factors that affect the 
demand for each differentiated cheese variety. Manufacturers and retailers make use of 
this information on a regular basis to develop new products and devise and/or revise 
marketing strategies. 
Manufacturers and managers of main national brand cheese products also are 
concerned about the expansion of the share of private label products, and need to find 
ways of protecting their market. To attain this goal, factors other than consumer 
sensitivity to price changes could be investigated and used to expand cheese sales or, in 
this case, deter private label share expansion. Several studies suggested that promotions 
for national brands could be more effective than those for private label products 
(Allenby and Rossi 1991, Bronnenberg and Wathieu 1996). 
Additionally, Market shares are expanded through product differentiation. 
Cheese products could be differentiated through innovation such as adding new health 
benefits to the pre-existing image of “being good for you” that all dairy products share. 
The increased recognition of the importance of omega-3 fatty acids in the diet, coupled 
with its limited availability in natural food sources, makes fortifying cheese with omega-
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3 a potentially successful novel product. However fortification implies an additional cost 
of production that manufacturers need to take into account. 
 
Objectives 
The first two essays are retrospective analyses using available data, while the 
third essay is prospective, investigating potential changes in cheese product attributes. 
In the first essay, we estimate censored cheese demand relationships using panel 
data to identify particularly the conditional and unconditional own-price and cross-price 
elasticities as well as income elasticities among 14 cheese varieties. We also identify the 
effect of different demographic and socioeconomic variables as well as the impact of 
dairy advertising expenditure on the household demand for these cheese products. 
The second analysis deals with the investigation of the relationship between the 
decision to purchase private label processed cheese products and the level of retail 
promotion activities. It also assesses the effectiveness of national brand coupons as 
deterrents to private label market share expansion. We only consider American 
processed sliced cheese variety in this study since it had a market penetration of nearly 
70% over the sample households. 
In the third essay, we determine the effects of potentially fortifying processed 
cheese products with omega-3 fatty acids on the profits of manufacturers. This ex-ante 
analysis considers the market conditions (demand and supply curves) and evaluates the 
increase in the demand for processed cheese needed to offset the costs of fortification in 
order to maintain the profitability of producers. 
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Source of Data 
The data used in this dissertation are based on the Nielsen Homescan Panel of 
U.S. households. Households constituting the panel used hand-held scanners to record 
purchase information, including date of purchase, UPC code, total expenditure and 
quantities purchased. Cheese purchase information was combined with a set of annual 
household demographic data and aggregated into different cheese categories .The 
household sample size consists of 38,040 households for the year 2005, and 36,923 for 
the year 2006. 
In the first essay, the quantities purchased and expenditures were aggregated by 
household on a quarterly basis and we only kept households that purchased at least one 
cheese product during calendar year 2005 and at least another cheese product during the 
calendar year 2006. The final dataset consisted on a panel dataset with 235,056 
observations: 29,382 households and 8 quarter time periods. Cheese purchases were 
aggregated into 14 cheese varieties. 
The second essay focused only on transactions where American processed sliced 
cheese product was bought during calendar years 2005 and 2006. We use this 
information coupled with demographic information associated with each transaction to 
develop a pooled cross-sectional dataset. Therefore, the observation units in this analysis 
are not quantities aggregated by households and time periods as in the first essay. Each 
observation corresponds to a transaction where a private label or a national brand 
processed cheese is purchased. 
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In the third essay, we only consider the purchase information concerning 
processed cheese categories since legally a natural cheese would no longer be labeled as 
natural if it were fortified. Processed cheese varieties included in the dataset and 
considered in this study are: American sliced, remaining slices, snack, loaves, and cream 
cheese. We only focus on transactions where any of these cheese products had been 
bought during the calendar year 2005. The quantities purchased and expenditures then 
are aggregated by household on a monthly basis. We ended up with a panel data 
structure with 426,504 observations, 35,542 households and 12 monthly purchase 
periods. 
 
Methodology 
In the first essay, the demand for 14 cheese varieties is examined within an 
econometric model that recognizes both the panel nature of data and the censored nature 
of cheese purchases over time.  We adopt a random effects panel Tobit approach. 
In the second essay, instead of a simple probit model of the decision to purchase 
private label product, we use a probit model that takes into account the endogeneity of 
store coupon redemption. We estimate a probit model with a binary endogenous 
explanatory variable. 
For the third essay, we need to estimate initially the demand for processed cheese 
products. Then, we determine the actual producer surplus considering the case of linear 
demand and supply functions. Finally, we establish by how much the demand for the 
new product (fortified cheese) would have to shift to the right so that the producer 
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surplus remains the same after the fortification. Due to the presence of zero-purchase 
observations, we need to account for censoring in the demand estimation. A panel 
sample selection model with random effects is used in this analysis. 
 
Dissertation Organization 
The dissertation is arranged into five chapters with the main body of the 
dissertation focusing on three publishable essays each covering a separate cheese 
demand analysis topic.   
Chapter I consists of the statement of the motivations behind the topic, the 
research objectives to be addressed and the methodology followed to attain each of 
them. Chapter II focuses on the estimation of the censored demand for 14 U.S. cheese 
varieties using household panel data. Chapter III examines the impact of retail promotion 
on the decision to purchase private label processed cheese products. Chapter IV is an ex-
ante analysis of the feasibility of fortifying processed cheese with omega-3 fatty acids, 
and Chapter V serves as a summary of the major findings of the three essays, provides 
recommendations based on those findings, and offers prospects for future research. 
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CHAPTER II 
ESTIMATING THE CENSORED DEMAND FOR U.S. CHEESE VARIETIES 
USING PANEL DATA: IMPACT OF ECONOMIC AND DEMOGRAPHIC 
FACTORS 
 
Background 
The United States is one of the largest producers of cheese in the world, with 
more than 25% of the manufactured share in the world. Cheese is, in fact, the dairy 
product category with the largest economic value in the United States. It overtook fluid 
milk as the largest user of raw milk in the late 1990s and by 2007, the total value of all 
cheese products manufactured was $30 billion according to the U.S. Census Bureau. The 
U.S. consumption of cheese also increased over the years passing from 29 pounds per 
capita in 1999 to 32.9 pounds in 2009, meaning that Americans consumed over 10 
billion pounds of cheese in 2009. According to the preliminary estimates of the USDA 
Dairy Products Annual Summary, Wisconsin and California are the leading producers of 
cheese in the United States, accounting respectively for 25 and 21.1 percent of all cheese 
production, domestically (Figure 3). 
The retail cheese market is best characterized as an amalgam of leading brands: 
store brands account for 35% of total market share; and national brands account for the 
remaining 65%, but Kraft alone accounts for 45% of this total (Cropp 2001). 
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Cheese Categories 
More than 400 varieties of cheese are available from the U.S. cheese industry. In 
fact, according to the US Dairy Export Council, some of the most popular cheeses like 
Brick, Colby, and Monterey jack originated in the United States.  
 
 
Figure 3. Top Five States in Cheese Production in the United States 
 
The most widely accepted method to categorize cheeses is based upon their type 
of milk, processing method, and texture (degree of hardness). A category is a family of 
cheeses that share similar characteristics, while varieties or types represent individual 
cheeses within the families. We differentiate between natural cheese, finished, ripened 
cheeses which have not been further processed, and processed cheese.  
Popular types of natural cheeses include unripened (fresh) like cottage cheese, 
soft-ripened as Brie or Camembert, semi-hard (semi-soft) like Brick or Muenster, hard 
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as Colby or Cheddar, cooked hard like Swiss or Parmesan, blue veined cheeses as Blue 
cheese and Gorgonzola,  and pasta filata, which means stretched curd, as Mozzarella and 
Provolone. Examples of processed cheeses include American cheese and various cheese 
spreads, which are made by blending two or more varieties of cheese or blending 
portions of the same type of cheese that are at different stages of ripeness (Midwest 
Research Institute 1997). Depending on the desired end use, the melted mixture then is 
reformed and packaged into blocks, or as slices, or into tubs or jars. Processed cheeses 
typically cost less than natural cheeses; they have longer shelf life, and provide for a 
variety of products.  
An understanding of factors influencing consumer sensitivity to price changes for 
different cheese categories is very important for the long-term growth and profitability 
of U.S. dairy industry. As producers and retailers seek to maximize cheese revenue and 
profit, pricing decisions are made on a regular basis. These decisions are based on the 
analysis of price elasticities and the interrelationships of these elasticities among cheese 
varieties.  
It is important to identify products that have inelastic demands and can sustain 
price increases. As well, it is important to identify products that can best stimulate total 
category sales. Finally, it is important to identify appropriate discount levels that 
maximize sales while simultaneously providing desired levels of profit (Huang et al. 
2007). 
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Objectives 
This study focuses on estimating cheese demand relationships to identify 
particularly own-price and cross-price elasticities not only among broad cheese 
categories such as natural cheese and processed cheese, but also among varieties within 
these categories. In particular, we plan to estimate demand relationships for Mozzarella, 
Colby, Cheddar, Swiss, and others, as natural cheese varieties, slices, snack, loaves and 
cream cheese as processed cheeses, and other cheese varieties, namely, Ricotta, cottage 
cheese, specialty/imported cheese and grated or shredded cheese. 
We estimate the demands for 14 different cheese varieties existing in the U.S. 
market and obtain the associated matrix of unconditional and conditional own price, 
cross-price and income elasticities for each cheese variety. We also identify the effect of 
different demographic and socioeconomic variables as well as the impact of advertising 
and promotion expenditures on dairy products on the demand of these cheese varieties. 
We use data from the Nielsen Homescan Panel of U.S. households for the calendar years 
2005 and 2006, the most recent dataset available at the time of this study, and consider 
only the households that purchased a cheese product at least once each year.  
 
Literature Review 
The demand for cheese products has been studied applying different theoretical 
frameworks and estimating several empirical models, depending on the objective of the 
analysis and the nature of the data used. Gould, Cornick and Cox (1994) used household 
panel data and estimated generalized Tobit system estimator to address the censored 
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nature of expenditure. This study compared the demand of full-fat versus reduced-fat 
within three cheese categories: natural American cheese, processed American cheese, 
and cottage cheese. Cross-price relationships between different cheese varieties were not 
taken into account in this research and own-price elasticities were not reported (just the 
coefficients). However unconditional (and conditional) income elasticities were 
reported: 0.057 (0.056) for natural cheese, -0.054 (-0.052) for processed cheese, and -
0.242 (-0.209) for cottage cheese. 
Gould and Lin (1994) used a Heckman sample selection model to estimate at-
home demand for four cheese categories, natural American cheese, other natural cheese, 
American and other processed cheese, and processed snack. For the two natural cheese 
categories, purchase probability was found to be positively related to income. However, 
a negative relationship was found between income and the likelihood of purchase an 
American or other processed cheese. Nonetheless, when estimating the conditional 
demand for cheese, household income only impacted the other natural cheese category. 
The income elasticity obtained was 0.266. All own-price coefficients were negative and 
statistically significant, and when evaluated at mean consumption level, all implied 
elastic price responses, except for American and other processed cheese category. 
Schmit et al. (2002) identified the effects of generic advertising on the household 
demand for fluid milk and cheese. Cheese was disaggregated into American, mozzarella, 
processed, and other cheese categories. The other cheese category contained several 
varieties, including ricotta, Muenster, farmers, brick, and cream cheese. Their approach 
extended the traditional two-step approach with sample selection to panel data following 
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a procedure similar to the two-step censored demand system approach of Shonkwiler 
and Yen (1999). The first stage is represented by single equation probit models followed 
by a second-stage system estimation procedure accounting for cross-equation 
correlation. The conditional own-price elasticities were statistically significant for all 
cheese categories: -0.488 for total cheese, -0.875 for American,      -2.619 for 
Mozzarella, -1.194 for processed, and -1.191 for other cheese. Household income 
elasticities were mostly positive and slightly larger for cheese than for fluid milk. Only 
the processed cheese category had a negative income effect. 
Davis et al. (2010) examined retail purchase data for 12 dairy products and 
margarine from the Nielsen 2007 Homescan data. A censored demand system used by 
Dong et al. (2004) and based on a variation of the Amemiya-Tobin framework was 
employed to estimate the demand elasticities and the impacts of selected demographic 
and socioeconomic variables on the demand for the respective products. All cheese 
cross-price elasticities were found to be positive meaning that strong substitution 
relationships exist among these cheese categories. The uncompensated own-price 
elasticities were estimated to be -1.73 for natural cheese, -0.99 for processed cheese, and 
-1.68 for cottage cheese. The expenditure elasticities were positive for all cheese 
categories; however, expenditure had greater effect on purchases of cottage cheese and 
natural cheese compared to processed cheese. 
Davis et al. (2011) used a censored demand model to identify price and non-price 
factors affecting the demand for six cheese varieties: natural, cottage, processed, grated, 
shredded, and other cheeses. This study followed the Dong et al. (2004) approach in 
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using the Tobit system estimator but also the mapping rule suggested by Wales and 
Woodland (1983).  Results revealed that all the own-price and expenditure elasticities 
for the six cheese varieties were elastic. Shredded cheese and cottage cheese were 
identified as the most elastic, with own-price elasticities of -3.77 and -2.59 respectively, 
and natural cheese as the product with the highest expenditure effect (1.05). The authors 
established also strong substitution relationships among all cheese products since all the 
conditional cross-price elasticity estimates were found to be positive and mostly 
significant. 
 
Contribution to Existing Literature 
Several works have determined elasticities in the cheese industry but most of 
them have used cross-sectional data (Gould 1992; Gould and Lin 1994; Davis et al. 
2010; Davis et al. 2011). If panel data were used, the information was aggregated at the 
store level demand (Arnade et al. 2007; Kim and Cotterill 2008). Consequently, the first 
contribution of our approach is the use of panel type of data at the household level which 
allows us to account for household level heterogeneity and control for the observed 
differences in household behavior. 
The second contribution to the literature is the consideration of 14 cheese 
varieties, whereas previous works only consider aggregate cheese categories (Schmit et 
al. 2003; Arnade et al. 2008; Davis et al. 2010). In addition, most of the time, when 
using panel data, the literature overlooked the interdependence of demand for different 
cheese varieties. That is, only income and own-price elasticities were provided without 
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examining their substitutability or price interactions (Gould et al. 1994; Schmit et al. 
2002). This study accounts for the cross-price effects in the demand of each cheese 
variety. 
Moreover, this analysis differs from the previous studies in the way it considers 
the censored nature of cheese purchases. While other studies dealing with cheese 
demand simply ignored it or just used highly aggregated data to avoid the censoring 
problem (Fousekis and Revell 2005; Huang et al. 2007), this analysis considers this issue 
explicitly and assures a more consistent estimation without any loss of information due 
to aggregation. 
Another contribution to the literature is related to the nature of the data and the 
model used. During non-purchase periods, cheese prices are unobserved. In this study, 
missing prices are imputed for each household using a regression model of the logarithm 
of price on selected variables. Variables such as the type of store (grocery store, 
convenience store etc…) or the type of product (private label or national brand) are used 
in price imputation for the first time. Importantly, this price imputation is a way to 
correct for the potential endogeneity problem attributed to prices. 
In addition to the effect of demographics, location and seasonality on the demand 
for different cheese varieties, this essay investigates the impact of generic dairy 
advertising as well. The only study that had ever included the effect of advertising when 
analyzing cheese demand was Schmit et al. (2002, 2003); however, the cheese categories 
considered were not as broad as the 14 cheese varieties analyzed in this study. Four 
17 
 
 
cheese categories were considered in Schmit et al. (2002) and only two aggregate 
categories were considered in Schmit et al. (2003). 
 
Empirical Model 
In previous studies of cheese demand, single-equation Tobit models have been 
used to account for the fact that not all households purchase cheese (Gould 1992). Tobit 
systems also were used (Gould et al. 1994; Davis et al. 2011), and Heckman sample 
selection models were employed as well (Gould and Lin 1994). However, none of those 
studies accounted for the panel structure of the data. Schmit et al. (2002) accounted for 
panel structure but used a sample selection model applied to panel data. In the present 
analysis, the demand for 14 cheese varieties is examined within an econometric model 
that recognizes both the panel nature of data and the censored nature of cheese purchases 
over time.  We adopt a random effects panel Tobit approach: 
                              
                                                 
                                                       
                      
   
The observed variable, the quantity of cheese purchased by household i during the 
quarter t, is given by: 
                                  
   
              
     
                        
  
and xit is the vector of explanatory variables.  
In general the common error term     in equation (2) could be correlated over 
time. Here we consider the error components model which splits the error     into a 
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time-invariant individual random effect (RE)   , and a time-varying random error 
term:     . 
If we assume the independence between the vi’s and the    ’s, the likelihood 
contribution for each individual is given by: 
                
 
  
  
      
        
  
  
   
    
           
  
  
       
    
 
  
        
where     equals 1 for uncensored observations and zero for censored observations,   
and   are respectively the probability density function and the cumulative distribution 
function of the standard normal distribution, and          is normal density with mean 
   and standard deviation   . 
For the T observations we have for each household i we obtain the following 
likelihood contribution: 
                
 
  
  
      
        
  
  
   
    
           
  
  
            
   
 
 
  
            
According to Bruno (2004) we see that the likelihood function for the whole sample is 
the product of the contribution Li over the N individuals and the log-likelihood is: 
                                                        
 
   
 
However, equation (6) is far more complicated than in the case of a simple cross-
sectional Tobit or a time series model. The likelihood function for individual i is an 
integral of a product instead of just a product, and the log operator cannot be carried 
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through the integral sign (Bruno 2004). Nonetheless, the assumptions of the applicability 
of the random effects model greatly simplify the computation of the likelihood. 
 
Explanatory Variables 
In this study, different cheese demands were estimated accounting for the 14 
cheese varieties analyzed. These 14 varieties were separated into three cheese categories: 
natural cheese, processed cheese, and other varieties. All cheese demands shared the 
same set of 28 explanatory variables that included household income; household size; 
presence of children; age and education level of the household head; race and ethnicity; 
location; quarterly variables to account for seasonality; and generic advertising 
expenditures associated with all dairy products. However, the own- and cross-price 
variables changed according to the category to which the variety belongs.   
For natural cheeses, the explanatory variables included the variables for the price 
of each of the five varieties forming this category (Mozzarella, Colby, Cheddar, Swiss, 
and Remaining natural) plus two aggregate price variables accounting for processed 
cheese and “other varieties” category. Any processed cheese demand included 
explanatory variables accounting for the price of the 4 processed cheese varieties 
(processed Slices, loaves, snacks, and cream cheese) plus two other variables, aggregate 
price for natural cheese category and aggregate price for the “other varieties” category. 
Finally, for the varieties labeled as “other varieties”, the set of explanatory variables 
included the prices of the five cheese varieties (Ricotta, grated, Specialty/imported, 
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shredded, and cottage cheese) and two more price variables accounting for aggregate 
natural and processed cheese categories.  
As in Capps and Park (2002), a logarithmic transformation of advertising 
expenditures was employed to ensure diminishing marginal returns. We also used a free-
form distributed lag to account for the effects of advertising over a period of time. We 
opted for three quarterly lags since Clarke (1976) concluded that most of the cumulative 
effects of advertising for frequently purchased products are captured within three to nine 
months. Logarithmic transformations of household income and all cheese price variables 
also were used to capture potential non-linear relationships with the quantity of cheese 
purchased.   
 
Marginal Effects and Elasticities Calculation 
In the context of the nonlinear Tobit model, the coefficients β cannot be 
interpreted directly. Instead, we compute the marginal effects of the explanatory 
variables on either P(yit>0 | xit), E(yit| xit, yit>0) or E(yit | xit). We adopt the McDonald 
and Moffit decomposition (1980) to the panel structure of our data. 
 The unconditional prediction of yit is given by  
                                                 
    
 
      
    
 
                        
The conditional prediction of yit is given by 
                                     
                          
    
 
   
    
 
   
The unconditional marginal effect of xit is then 
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The conditional marginal effect of xit is  
                      
      
  
    
        
    
 
  
    
 
   
    
 
    
    
 
 
 
  
    
 
 
 
    
Marginal effects were calculated at the mean of the respective explanatory variables. 
Using equations (9) and (10) we computed the unconditional and conditional 
own-price, cross-price and income elasticities as follows: 
                         
      
   
 
   
  
  
      
     
 
     
   
  
   
  
 
      
     
 
 
  
   
    
 
  
   
  
 
      is the unconditional price elasticity of cheese j considering the demand for cheese i, 
where βij is the coefficient estimate of the logarithmic transformation of the price of 
cheese j and     is the unconditional sample mean of the quarterly quantity purchased of 
cheese i. The conditional price elasticity is expressed as: 
                
  
     
  
     
 
 
  
   
   
  
     
    
 
  
    
 
   
    
 
    
    
 
 
 
  
    
 
 
 
    
where      is the conditional sample mean of the quarterly quantity purchased of cheese i.  
 
Data 
The data used in this analysis are based on the Nielsen Homescan Panel of U.S. 
households. Households constituting the panel used hand-held scanners to record 
purchase information, including date of purchase, UPC code, total expenditure and 
quantities purchased. The household sample size consisted of 38,040 households for the 
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year 2005, and 36,923 for the year 2006, the most recent dataset available at the time of 
this study.  
Cheese purchase information was combined with a set of annual household 
demographic data (Table 1) and aggregated into different cheese varieties. The quantities 
purchased and expenditures were therefore aggregated by household on a quarterly 
basis. Finally, we kept only households that purchased at least one cheese product during 
calendar year 2005 and at least another cheese product during the calendar year 2006. 
Our final dataset consisted on a panel data with 235,056 observations: 29,382 
households over 8 quarter time periods.   
 
Table 1. Definition of Variables Other than Prices Used in the Demand Estimation 
Variable Group Variable Name Type Definition 
    Household  
Income lnhhinc Continuous+ 
the logarithmic transformation of the income of the 
household head 
    Advertising 
Expenditures lnadv Continuous 
the logarithmic transformation of advertising expenditure 
in the current quarter 
 
lnl1adv Continuous 
the logarithmic transformation of advertising expenditure 
in  the previous quarter 
 
lnl2adv Continuous 
the logarithmic transformation of advertising expenditure 
2 quarters earlier 
 
lnl3adv Continuous 
the logarithmic transformation of advertising expenditure 
3 quarters earlier 
    Household Size hhsize1 Binary the household consists of one person living alone 
 
hhsize2 Binary the household consists of 2 members 
 
hhsize3 Binary the household consists of 3 members 
 
hhsize4 Binary the household consists of 4 members 
  hhsize5more Binary* the household consists of 5 members or more 
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Table 1. Continued 
Variable Group Variable Name Type Definition 
    Age age_und25 Binary the age of the household head is under 25 years 
 
age_2535 Binary the age of the household head is between 25 and 35 years 
 
age_3545 Binary the age of the household head is between 35 and 45 years 
 
age_4555 Binary the age of the household head is between 45 and 55 years 
 
age_5565 Binary the age of the household head is between 55 and 65 years 
 
age_ovr65 Binary* the age of the household head is over 65 years 
    
Educational  edu_lesshs Binary 
the level of education of the household head is less than 
high school  
Attainment edu_hs Binary the household head has graduated from high school 
 
edu_somecol Binary the household head attended some college courses 
 
edu_colnmore Binary* the household head has graduated from college 
    Race Black Binary the household head is  African-American 
 
White Binary the household head is  Caucasian 
 
oriental Binary the household head is Asian 
 
otherace Binary* the household head belong to other race 
    Ethnicity Hisp Binary the household head is Hispanic 
    Region East Binary the household is from the Northeast 
 
South Binary the household is from the  South 
 
West Binary* the household is from the West 
 
central Binary the household is from the Midwest 
    Presence of children child05 Binary households has children under 6 years old 
 
chil612 Binary households has children aged between 6 and 12 years old 
 
child1317 Binary households has children aged between 13 and17years old 
 
nochildund18 Binary* households has no  children under 18 years old 
    Seasonality Q1 Binary Quarter 1, January to March 
 
Q2 Binary Quarter 2, April to June 
 
Q3 Binary Quarter 3, July to September 
  Q4 Binary* Quarter 4, October to December 
 
* used as the reference category when estimating the models 
+ The continuous variable for income was developed by replacing the income categorical variables by the 
category mean values. 
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Cheese Varieties: Quantities and Prices 
Cheese purchases were aggregated into 14 categories each one referring to a 
different cheese variety. The information about different categories is provided within 
the dataset. The 14 varieties of cheese product considered in this study are: 
Natural cheese: Mozzarella, American Colby, American cheddar, Swiss, and 
remaining; and Processed cheese: American sliced, snack, loaves, and cream cheese. 
We also take into account Ricotta cheese, grated cheese, shredded cheese, 
specialty/imported, and cottage cheese.  
 
Table 2. Unconditional and Conditional Means for the Quarterly Quantities 
Purchased of the 14 Cheese Varieties 
Cheese variety Variable 
Unconditional Mean 
(oz) 
Conditional Mean 
(oz) 
    Mozzarella qq02 6.409 32.123 
Colby qq05 1.271 23.109 
Cheddar qq06 13.524 36.678 
Swiss qq14 2.476 20.071 
Remaining Natural qqrn 6.642 27.234 
    Processed Slices  qqps 19.315 40.349 
Loaves qq11 5.015 43.436 
Snack qq12 3.051 18.968 
Cream Cheese qq19 11.39 26.811 
    Ricotta qq08 2.828 35.136 
Grated qq09 2.232 12.074 
Specialty/Imported qq15 3.071 16.939 
Shredded qq17 20.787 40.283 
Cottage qqcf 24.663 64.659 
 
 
 
25 
 
 
Table 2 presents the 14 cheese varieties considered in this analysis and shows the 
average quantity purchased by household on a quarterly basis for each variety. We 
differentiated between the unconditional and the conditional volume purchased, where 
the conditional mean considered only the observations in which the household actually 
purchased the considered cheese variety. 
As shown in Table 2, overall, cottage cheese was the cheese variety with the 
highest quantity purchased per quarter in our sample. The unconditional (conditional) 
quantity purchased by household over a quarter was 24.66 ounces (64.66 ounces) on 
average. On the other side, Colby was the cheese variety with the lowest unconditional 
quantity purchased with only 1.27 ounces per quarter per household on average. The 
cheese variety with the lowest conditional quantity purchased was grated cheese with 
12.07 ounces per quarter per household. 
Within natural cheese category, cheddar showed the highest quantity purchased 
on average, followed by Mozzarella with unconditional (conditional) mean values of 
13.52 (36.68) ounces and 6.41 (32.12) ounces respectively. Within the processed cheese 
category, on average, slices were purchased the most followed by cream cheese. The 
unconditional (conditional) mean of the quantity purchased were 19.31 (40.35) ounces 
for processed slices and 11.39 (26.81) ounces for cream cheese. In the third cheese 
category, cottage cheese was the quarterly most purchased cheese in our sample 
followed by shredded cheese with an unconditional (conditional) mean of 20.79 (40.28) 
ounces per quarter. 
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Prices are not observed directly in the dataset. An estimate of price, the unit 
value, is obtained by dividing the reported expenditures, less any coupon value 
redeemed, by the quantity purchased. As shown in Table 3, the cheese variety with the 
highest average price was the specialty/imported cheese variety with 47.7 cents per 
ounce and the cheese variety with the lowest average price was cottage cheese with an 
average price per ounce of 10.5 cents. Swiss cheese was the most expensive variety 
within natural cheese category with an average price of 31.9 cents per ounce, and snacks 
were the most expensive within processed cheese varieties with an average price of 32.5 
cents per ounce. The cheapest varieties were Colby among natural cheeses and loaves 
within processed cheeses with respective average prices of 21.7 and 15.0 cents per 
ounce. Considering the aggregate categories, Table 3 shows that natural cheeses are the 
most expensive on average. The average price of natural cheese is 25.3 cents per ounces, 
5.9 cents more expensive than a processed cheese product.  
 
Other Explanatory Variables 
Several explanatory variables were used in addition to the prices of different 
cheese varieties to estimate the demand of our 14 cheese varieties. Demographic factors, 
as well as household composition variables were used to characterize these demands. 
Other variables were included to control for geographic and seasonal variation. 
As shown in Table 4, average household income in our sample, accounting for 
the calendar years 2005 and 2006, is slightly above $50,000 per year. 42% of the 
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households are households with 2 members and another 27% are a single member 
households. 
  
Table 3. Descriptive Statistics for Price Variables before Imputation ($/oz) 
Cheese Variety Variable Mean Standard Error 
    Mozzarella qppoz02 0.258 0.114 
Colby qppoz05 0.217 0.069 
Cheddar qppoz06 0.241 0.112 
Swiss qppoz14 0.319 0.11 
Remaining Natural qppozrn 0.256 0.095 
    Processed Slices  qppozps 0.184 0.074 
Loaves qppoz11 0.15 0.054 
Snack qppoz12 0.325 0.158 
Cream Cheese qppoz19 0.181 0.07 
    Ricotta qppoz08 0.127 0.04 
Grated qppoz09 0.368 0.123 
Specialty/Imported qppoz15 0.477 0.217 
Shredded qppoz17 0.244 0.088 
Cottage qppozcf 0.105 0.036 
    Aggregate natural qppozn 0.253 0.101 
Aggregate processed qppozp 0.194 0.085 
Aggregate other qppozo 0.218 0.125 
 
 
Household heads aged between 35 and 65 years represent 70% of the sample and 
another 26% relates to household heads over 65 years of age. Only 5% of the sample 
households have a child under 5 years of age; 11% have children between 5 and 13 years 
old; and 12% include at least an adolescent of 13 years of age or older. 
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Table 4. Descriptive Statistics of Other Explanatory Variables 
Variable* Mean Standard Error 
   hhincome 50573.57 27563.33 
   hhsize1 0.274 0.446 
hhsize2 0.422 0.494 
hhsize3 0.136 0.343 
hhsize4 0.107 0.31 
hhsize5more 0.062 0.24 
   child05 0.052 0.223 
chil612 0.109 0.312 
child1317 0.117 0.323 
nochildund18 0.722 0.408 
   age_und25 0.002 0.04 
age_2535 0.047 0.212 
age_3545 0.169 0.375 
age_4565 0.522 0.499 
age_ovr65 0.259 0.438 
   edu_lesshs 0.035 0.184 
edu_hs 0.276 0.447 
edu_somecol 0.314 0.464 
edu_colnmore 0.375 0.484 
   white 0.846 0.361 
black 0.086 0.28 
oriental 0.021 0.143 
otherace 0.048 0.213 
   hispanic 0.058 0.234 
nonhisp 0.942 0.234 
east 0.162 0.368 
central 0.242 0.428 
south 0.381 0.486 
west 0.216 0.412 
   Q1 0.25 0.433 
Q2 0.25 0.433 
Q3 0.25 0.433 
Q4 0.25 0.433 
   Adv 25144634 6563111 
*The variables are defined in Table 1. 
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Considering the educational attainment of household heads, 27% of our sample 
has a high school level education, 31% has only some college education, and 37% of 
household heads were college graduates. The majority of the households were 
Caucasians with a proportion of 84.6%. African-Americans represented 8.6%, while 
Oriental households only accounted for 2.1%. On the other hand, 6% of household heads 
described themselves as Hispanic. 
Considering the location variables, we noticed that the highest proportion of 
households buying cheese products was located in the South, 38% of the sample, 
followed by the Central (Midwest) region with 24.1%, the West with 21.6%, and finally 
the Northeast with only 16.2% of households. 
Generic dairy advertising expenditures also were introduced to control for the 
effect of advertising expenditure on cheese variety demands. As shown in Table 4, the 
average expenditure by quarter was $ 25.1 million with a standard deviation of  $ 6.6 
million, during 2005 and 2006 calendar years. 
 
Censoring and Price Imputation 
Due to the panel nature of data, and the high degree of disaggregation among the 
cheese varieties considered, we observe a high degree of censoring among the quarterly 
amount of cheese purchased by household for each cheese variety. Table 5 shows the 
degree of censoring for each cheese variety considered in this study. 
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Table 5. Degree of Censoring
*
 for Different Cheese Variety Purchases 
Cheese variety Observations Degree of censoring (%) 
   Mozzarella 46,898 80.05 
Colby 12,928 94.5 
Cheddar 86,674 63.13 
Swiss 28,996 87.66 
Remaining Natural 57,323 75.61 
   Processed Slices  112,522 52.13 
Loaves 27,137 88.46 
Snack 37,813 83.91 
Cream Cheese 99,861 57.52 
   Ricotta 18,921 91.95 
Grated 43,459 81.51 
Specialty/Imported 42,615 81.87 
Shredded 121,297 48.4 
Cottage 89,658 61.86 
   Aggregate natural 140,963 40.03 
Aggregate 
processed 172,968 26.41 
Aggregate others 177,709 24.4 
 
 
The overall cheese varieties exhibit an average censoring degree of almost 75%. 
As shown in Table 5, Colby is the cheese variety that displayed the highest degree of 
censoring, 95.5%, followed by Ricotta with almost 92%, and cheese loaves with 88.5% 
censoring degree. The cheese varieties with the lowest amount of censored observations 
were shredded cheese (48.4%), processed slices (52.1%), and cream cheese (57.5%) 
varieties. 
                                                          
*
 The degree of censoring = [1- (number of observation/ total sample size)]*100 
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However, if we decide to aggregate natural cheese varieties into one cheese 
category and processed cheese varieties into another category the censoring degree drops 
dramatically. The degree of censoring for these categories was found to be 40% for 
natural cheese category and 26.4% for processed cheese category. 
In previous studies, unobserved cheese prices during non-purchase periods have 
either been ignored or imputed by taking the mean price or unit value. According to 
Dunn et al. (2011) these strategies may be misguided. Furthermore, our sample is so 
highly censored that using mean values would probably result in extremely low variation 
in prices. 
In this study, we impute prices for non-purchase observations for each household 
using 14 regression models of the logarithm transformation of cheese variety prices on 
regional dummy variables, the year of purchase, seasonal variation (quarterly based 
dummies), household income to account for quality, the nature of product (private label 
or national brand), and the type of channel or retailer (grocery store, drugstore, mass 
merchandiser supercenter, club, convenience store or other).  These estimations used the 
transaction based data set before building the quarterly panel data set based on 
household purchases. Details of the regression results associated with prices are 
presented in Appendix A.  
Once we estimated the 14 price imputation models, the coefficient estimates 
were used to replace the unobserved prices in our final household based data set. To 
achieve the imputation, household purchase behavior profiles had to be built to account 
for household tendency of buying private label or national brand items and also for their 
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typical channel or retailer choice. A dummy variable was created to establish if the 
household purchases mainly private label or not, and another set of dummy variables 
were introduced to identify the channel or retailer mostly used by the household to 
purchase cheese items. 
Besides recovering unobserved price values, the price imputation procedure also 
was considered to correct for potential endogeneity problems. This potential endogeneity 
is raised by the way prices (unit values) are constructed in our models. While the 
dependent variable is the quantity purchased by households, prices of cheese product 
were introduced as an explanatory variable even though quantity enters in its 
formulation (unit values are expenditures divided by quantities purchased). Due to the 
high degree of censoring of most of cheese varieties investigated, imputed prices work 
then as instrumental variables for all the unobserved prices and help therefore in 
reducing the magnitude of the potential price endogeneity issue. 
 
Estimation and Empirical Results
†
 
The estimation of the random effects panel Tobit models was performed using 
the software package Stata (version 11.0).  Stata provides a built-in xttobit command 
that estimates the random effects model by taking advantage of the Gauss-Hermite 
quadrature for the likelihood computation as suggested in Buttler and Moffit (1982).  
                                                          
†
 For all our interpretations, we chose to consider a statistical significance level of 5%. We could have 
opted for a significance level of 1% instead, since we are using a very large sample.  
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The results of each of the 14 cheese variety demand estimations are presented in 
Appendix B. For each cheese variety we present three tables. The first Table shows the 
estimated parameters of the demand, the standard errors, and the p-values. This Table 
also shows the goodness of fit. The second Table exhibits the computed unconditional 
and conditional marginal effects, their respective standard errors and the p-values. 
Finally, the third Table presents the unconditional and conditional price, income and 
advertising elasticities calculated using the marginal effects and the average quantity 
purchased by household each quarter. 
As a measure of the goodness of fit, we used a pseudo-R2 that we computed 
using the observed quantities purchased and the unconditional predicted quantities given 
by our model. This statistic was estimated as: 
                                                                             
In this study, we are not interpreting each one of the 14 varieties demand 
estimation by itself in detail since we are interested, in the first place, in investigating the 
relationships among different cheese varieties, and subsequently, interested in comparing 
and showing the differences between the 14 varieties when it comes to demographic and 
economic factors. However, for illustration, in the next section, we chose one variety and 
analyzed its demand function in depth. The same approach could be followed in the 
interpretation of the demand tables related to any other cheese varieties. The analysis of 
the unconditional and conditional elasticities and different factors affecting the demand 
of cheese across the different studied varieties are presented and discussed in the other 
following sections 
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Demand for American Cheddar 
According to the results of the estimation of the demand of the natural cheese 
Cheddar, presented in Table 6, the price of most the other natural cheese varieties, the 
price of the aggregate processed cheese category, and the price of shredded and cottage 
cheese as well, affect the demand for this product. Their coefficient estimates are all 
statistically significant at 5% significance level.  
The unconditional (conditional) cross-price elasticities for the aggregate 
processed cheese and shredded cheese are positive, 0.020 (0.005) and 0.047 (0.012) 
respectively, meaning that they are substitutes for Cheddar. We notice how the elasticity 
values drop when considering conditional values, meaning that the price of these 
substitutes has less effect on the quantities bought of Cheddar when the household is 
already buying Cheddar products. Unconditional cross-price elasticity of aggregate 
processed cheese of 0.020 means that a 1% increase in the price of aggregate processed 
cheese induces an increase of 0.02% in the quantity of Cheddar cheese purchased for 
every household, holding all other factors constant. 
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Table 6. Estimation Results of the Demand for Cheddar Products 
Variable* Coefficient Standard Error p- value 
    lnP02 -1.835 0.371 0.000 
lnP05 0.046 0.768 0.952 
lnP06 -23.060 0.279 0.000 
lnP14 -1.956 0.485 0.000 
lnPrn -1.995 0.361 0.000 
lnPp 0.509 0.214 0.017 
lnP08 -0.392 0.660 0.553 
lnP09 -0.373 0.482 0.439 
lnP15 -0.362 0.324 0.265 
lnP17 1.169 0.287 0.000 
lnPcf -1.842 0.357 0.000 
lnhhinc 1.757 0.292 0.000 
    hhsize1 -14.577 1.026 0.000 
hhsize2 -6.306 0.971 0.000 
hhsize3 -4.192 0.925 0.000 
hhsize4 -2.840 0.855 0.001 
child05 1.866 0.877 0.033 
child612 -1.013 0.691 0.143 
child1317 2.157 0.648 0.001 
age_2535 -0.190 4.153 0.964 
age_3545 -0.218 4.106 0.958 
age_4565 -0.301 4.091 0.941 
age_ovr65 -0.487 4.098 0.905 
edu_lesshs -4.028 0.965 0.000 
edu_hs -3.730 0.448 0.000 
edu_somecol -1.373 0.411 0.001 
white 1.174 0.961 0.222 
black -3.149 1.107 0.004 
oriental -14.671 1.498 0.000 
hispanic -2.688 0.879 0.002 
east -10.144 0.583 0.000 
central -19.554 0.511 0.000 
south -10.365 0.479 0.000 
Q1 -2.151 0.183 0.000 
Q2 -1.823 0.171 0.000 
Q3 -1.402 0.210 0.000 
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Table 6. Continued 
Variable* Coefficient Standard Error p- value 
    lnadv 1.695 0.328 0.000 
lnl2adv 3.192 0.345 0.000 
constant -87.767 8.616 0.000 
    sigma_u 25.753 0.096 0.000 
sigma_e 21.857 0.035 0.000 
rho 0.581 0.002 
 
    pseudo R2 0.115   
* The variables lnP are the logarithmic transformation of the other cheese variety prices. The other 
variables are defined in Table 1. 
 
 
The unconditional (conditional) cross-price elasticities for Mozzarella, Swiss, 
remaining natural, and cottage cheese were found to be negative. Consequently, these 
varieties are complements for Cheddar. Swiss cheese, for example, had an unconditional 
(conditional) cross-price elasticity of -0.078 (-0.021). Therefore, a 1% increase in Swiss 
cheese price results in 0.08% decrease in the quantity purchased of Cheddar, holding all 
other factors constant. 
The unconditional (conditional) own-price elasticity for Cheddar was found to be 
-0.918 (-0.246). The demand for Cheddar cheese then is almost unitary elastic 
considering the whole sample of household and very inelastic when considering only the 
households that purchase Cheddar. Simply put, households are not very sensitive to price 
once the decision to purchase was made. The unconditional (conditional) income 
elasticity was found to be 0.070 (0.019). Therefore, Cheddar cheese products are normal 
goods; an increase in household income implies an increase in the quantities purchased. 
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As shown in Table 6, all the coefficient estimates related to household size were 
found to be significant. The sign and the magnitude of these estimates imply that the 
quantity of Cheddar purchased is positively related to household size. Households with 
children under 5 years old and households with adolescents also were associated with a 
higher purchase of Cheddar. As exhibited in Table 7, households with at least 1 child 
under 5 years of age purchase quarterly one ounce more, on average, relative households 
with no children, holding all other factors constant. 
The age of the household head was found to have no significant effect on the 
demand for Cheddar. All the coefficient estimates related to the four dummy variables 
that account for age were not statistically significant at 5% significance level. The 
education attainment of household head, however, had a significant effect on the 
Cheddar quantities purchased. According to our model, households with a household 
head that has at most a high-school education purchase quarterly, on average, 2 ounces 
less, than household in which household heads are college graduates. However, this 
difference decreases by a half ounce roughly when considering the conditional marginal 
effects, where only the households already purchasing cheddar are considered. 
The quantity of Cheddar products purchased was lower for African-Americans 
and Asians compared to households belonging to other races. Asian households 
purchased nearly 8 ounces per quarter less that the other races. The estimation also 
showed that Hispanics purchase less Cheddar than non-Hispanic households, on average 
1.4 ounce less if considering every household and 1ounce when considering only 
households buying Cheddar products. 
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The coefficient estimates for location dummy variables were statistically 
significant and show that households from the West region purchased more cheese that 
the other household, holding the other factors constant. As shown in Table 7, households 
located in the East and the South purchase on average more than 5 ounces less than the 
households from the West region, and households located in the Central region purchase 
on average over 10 ounces less than Western households. 
 
Table 7. Unconditional and Conditional Marginal Effects for Cheddar 
  Unconditional marginal effects   Conditional marginal effects 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        lnP02 -0.988 0.200 0.000 
 
-0.718 0.145 0.000 
lnP05 0.025 0.414 0.952 
 
0.018 0.301 0.952 
lnP06 -12.420 0.155 0.000 
 
-9.029 0.112 0.000 
lnP14 -1.053 0.261 0.000 
 
-0.766 0.190 0.000 
lnPrn -1.074 0.194 0.000 
 
-0.781 0.141 0.000 
lnPp 0.274 0.115 0.017 
 
0.199 0.084 0.017 
lnP08 -0.211 0.355 0.553 
 
-0.153 0.258 0.553 
lnP09 -0.201 0.259 0.439 
 
-0.146 0.189 0.439 
lnP15 -0.195 0.175 0.265 
 
-0.142 0.127 0.265 
lnP17 0.629 0.155 0.000 
 
0.458 0.113 0.000 
lnPcf -0.991 0.192 0.000 
 
-0.721 0.140 0.000 
lnhhinc 0.946 0.157 0.000 
 
0.688 0.114 0.000 
hhsize1 -7.848 0.552 0.000 
 
-5.707 0.402 0.000 
hhsize2 -3.395 0.523 0.000 
 
-2.469 0.380 0.000 
hhsize3 -2.257 0.498 0.000 
 
-1.641 0.362 0.000 
hhsize4 -1.529 0.460 0.001 
 
-1.112 0.335 0.001 
child05 1.005 0.472 0.033 
 
0.731 0.343 0.033 
child612 -0.546 0.372 0.143 
 
-0.397 0.271 0.143 
child1317 1.161 0.349 0.001   0.845 0.254 0.001 
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Table 7. Continued 
  Unconditional marginal effects   Conditional marginal effects 
Variables* dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        age_2535 -0.102 2.236 0.964 
 
-0.074 1.626 0.964 
age_3545 -0.118 2.211 0.958 
 
-0.085 1.608 0.958 
age_4565 -0.162 2.203 0.941 
 
-0.118 1.602 0.941 
age_ovr65 -0.262 2.206 0.905 
 
-0.191 1.605 0.905 
edu_lesshs -2.169 0.520 0.000 
 
-1.577 0.378 0.000 
edu_hs -2.008 0.241 0.000 
 
-1.460 0.175 0.000 
edu_somecol -0.739 0.221 0.001 
 
-0.538 0.161 0.001 
white 0.632 0.518 0.222 
 
0.460 0.376 0.222 
black -1.695 0.596 0.004 
 
-1.233 0.433 0.004 
oriental -7.898 0.807 0.000 
 
-5.744 0.587 0.000 
hispanic -1.447 0.473 0.002 
 
-1.052 0.344 0.002 
east -5.461 0.314 0.000 
 
-3.972 0.229 0.000 
central -10.530 0.275 0.000 
 
-7.656 0.202 0.000 
south -5.580 0.258 0.000 
 
-4.058 0.188 0.000 
Q1 -1.158 0.099 0.000 
 
-0.842 0.072 0.000 
Q2 -0.982 0.092 0.000 
 
-0.714 0.067 0.000 
Q3 -0.755 0.113 0.000 
 
-0.549 0.082 0.000 
lnadv 0.913 0.177 0.000 
 
0.664 0.128 0.000 
lnl2adv 1.719 0.186 0.000   1.250 0.135 0.000 
* The variables lnP are the logarithmic transformation of the other cheese variety prices. The other 
variables are defined in Table 1. 
 
 
Three dummy variables were included to account for seasonality with the fourth 
quarter as reference quarter. There was indeed a statistically significant seasonal effect 
associated with cheddar product purchases. More cheddar is bought during the fourth 
quarter compared to the other three. On average, roughly one ounce less of Cheddar is 
bought by each household during the first and second quarter. The same seasonality 
pattern is observed even if we consider only the households that actually purchase 
Cheddar products. 
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Table 8. Unconditional and Conditional Elasticities for Cheddar 
  Unconditional Conditional 
 
Elasticities Elasticities 
   Mozzaella -0.073 -0.020 
Colby 0.002 0.000 
Cheddar -0.918 -0.246 
Swiss -0.078 -0.021 
Rem. Natural -0.079 -0.021 
Agg. Processed 0.020 0.005 
Ricotta -0.016 -0.004 
Grated -0.015 -0.004 
Spec./Imported -0.014 -0.004 
Shredded 0.047 0.012 
Cottage -0.073 -0.020 
Income 0.070 0.019 
adv* 0.067 0.018 
l2adv* 0.127 0.034 
 * Variables defined in Table 1. 
 
As shown in Table 6, the coefficient estimates of the contemporaneous and the 
second-lag dairy advertising expenditure variables were found to be positive and 
statistically significant. The implication is that generic dairy advertising impacts the 
quantities purchased of Cheddar not only within the same quarter but we also observe a 
carry-over effect two quarters later. Table 8 presents the unconditional (conditional) 
advertising expenditure elasticities for both the contemporaneous and the second-lag 
dairy advertising expenditure, respectively 0.067 (0.018) and 0.127 (0.034). We notice 
that advertising expenditure has more impact on the whole sample than only on 
households already purchasing Cheddar products. We also observe less impact in the 
current quarter compared to the impact after two quarters, confirming the carry-over 
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effect. The long-term effect would be the sum of the two, that is, 0.194 for the 
unconditional elasticity and 0.052 for the conditional elasticity. In the long term, a 1% 
increase in the quarterly generic dairy advertising expenditure increases the quantity of 
Cheddar purchased by household, by 0.194%. 
The approach used analyzing the demand for Cheddar variety at the household 
level can be used to determine the characteristics of individual demands of all the other 
cheese varieties. We included in Appendix B three tables for each cheese varieties, 
exhibiting the model estimation results, the unconditional and conditional marginal 
effects, and the different unconditional and conditional elasticities. 
 
Cheese Variety Interrelationships  
Price Elasticities 
In this study we are interested in analyzing the impact of change in the price of a 
cheese variety on the quantity purchased of not only the same variety but also the other 
cheese varieties. We compute the own- and cross-price elasticities for each variety 
demand and we combined them by categories (natural, processed…). We notice that the 
interrelationships between different cheese varieties depend on which variety demand 
we are considering; however, we also observe some common characteristics that 
varieties within the same category share. 
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Natural Cheese Varieties 
The natural cheese category includes five varieties: Mozzarella, Colby, Cheddar, 
Swiss, and remaining natural cheese. As exhibited in Table 9, with the exception of 
Cheddar, all these varieties have an elastic demand, since their unconditional own-price 
elasticities are greater than one in absolute value. The highest unconditional own-price 
elasticity belongs to the American Colby variety with a -5.0. The conditional own-price 
elasticities are all below 1 in absolute value, exhibiting inelastic conditional demands. 
That is, once the household is already buying any natural cheese products, the price of 
this product does not have much effect on the amount of cheese purchased.   
Considering the statistical significance and the sign of the cross-price elasticities 
we determined which varieties are substitutes and which are complements according to 
the variety considered and its demand estimated coefficients. Mozzarella has only one 
substitute within natural cheese category that is Colby with an unconditional cross-price 
elasticity of 0.12, however other substitutes exist outside this category such as shredded 
cheese variety (0.17) and the aggregate processed cheese category (0.12). On average, 
when the price of shredded cheese products increase by 1%, the quantity purchased of 
Mozzarella increases by 0.17%  holding the other factors constant. As shown in Table 9, 
Mozzarella products have two complements within the cheese varieties included in this 
study. Ricotta products and cottage cheese variety display an unconditional cross-price 
elasticity of -0.15 and -0.07 respectively. 
 
 
 
 
Table 9. Unconditional and Conditional Own-Price and Cross-Price Elasticities for Natural Cheese Varieties 
  Mozzarella Colby Cheddar Swiss Remaining Natural 
    uncond cond uncond cond uncond cond uncond cond uncond cond 
  Mozzarella -1.083 -0.235 0.122 0.026 0.006 0.001 -0.017 -0.004 0.004 0.001 
  Colby 0.034 0.001 -5.015 -0.214 -0.022 -0.001 0.243 0.010 0.011 0.000 
  Cheddar -0.073 -0.020 0.002 0.000 -0.918 -0.246 -0.078 -0.021 -0.079 -0.021 
  Swiss 0.065 0.012 0.404 0.074 0.082 0.015 -1.163 -0.213 0.118 0.022 
  Rem. Natural -0.003 -0.001 0.090 0.016 0.020 0.003 -0.001 0.000 -1.737 -0.305 
  
               Agg. Processed Ricotta Grated Specialty/Imported Shredded Cottage 
  uncond cond uncond cond uncond cond uncond cond uncond cond uncond cond 
Mozzarella 0.122 0.027 -0.153 -0.033 0.082 0.018 0.006 0.001 0.168 0.036 -0.072 -0.016 
Colby 0.019 0.001 0.239 0.010 0.203 0.009 0.124 0.005 0.079 0.003 -0.045 -0.002 
Cheddar 0.020 0.005 -0.016 -0.004 -0.015 -0.004 -0.014 -0.004 0.047 0.012 -0.073 -0.020 
Swiss 0.081 0.015 0.089 0.016 0.047 0.009 -0.004 -0.001 0.057 0.010 0.007 0.001 
Rem. Natural 0.065 0.011 0.087 0.015 0.051 0.009 -0.035 -0.006 0.056 0.010 -0.025 -0.004 
The bold values are the statistically significant at 5% significance level. 
4
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The American Colby demand estimation reveals substitute products but no 
complement varieties. The substitutes for Colby cheese products are, Swiss cheese 
within the natural cheese category with an unconditional cross-price elasticity of 0.24, 
Ricotta, grated, and shredded cheese varieties within other domestic cheese category 
with elasticities of 0.24, 0.20, 0.08 respectively, and finally the specialty/import category 
with an observed cross-price elasticity of 0.12. A 1% increase in the price of Swiss 
cheese or Ricotta induces a decrease in the quantity purchased of Colby products by 
0.24%. 
As shown in the previous section, Cheddar has two substitutes, the aggregate 
processed cheese category and shredded cheese, with a positive statistically significant 
unconditional (conditional) cross-price elasticities of 0.020 (0.005) and 0.047 (0.012) 
respectively. The unconditional (conditional) cross-price elasticities for Mozzarella, 
Swiss, remaining natural, and cottage cheese were found to be negative, meaning that 
these varieties are complements for Cheddar. Swiss cheese and remaining cheese 
category exhibited an unconditional elasticity of     -0.08, and Mozzarella and Cottage 
cheese displayed an elasticity of -0.07. 
According to the Swiss cheese demand estimation, this variety does not have any 
complement within the other 13 cheese varieties considered in this study. Only 
substitution relationships were evident for this cheese. Eight varieties were shown to be 
substitutes for the Swiss cheese products making it the most substitutable variety in our 
study. All the other natural cheese varieties were found to be substitutes for Swiss 
cheese; Colby displayed the higher unconditional cross-price elasticity with a value of 
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0.4, while Mozzarella exhibited the lowest elasticity within this category with 0.06. The 
aggregate processed cheese category was found to be substitute for Swiss cheese 
products (0.08), as well as Ricotta and grated and shredded cheese varieties with 
unconditional cross-price elasticities of 0.09, 0.05, and 0.06 respectively. 
We notice that for any demand, the absolute values of the elasticities drop greatly 
when considering conditional elasticities. The implication is that the price of substitutes 
of complements has less effect on the quantities bought of any natural cheese variety 
when the household is already buying these products. 
 
Processed Cheese Varieties 
Processed cheese category includes four varieties: processed slices, loaves, 
snacks, and cream cheese. All these varieties but loaves have an inelastic demand. 
Processed slices exhibits an unconditional own-price elasticity of -0.41, the snack variety 
displays an unconditional elasticity of -0.51, and cream cheese -0.61while the loaves 
variety exhibits an elastic unconditional demand with an elasticity of -1.2 as shown in 
Table 10. A 1% increase in the price of cream cheese induces a 0.61% (less than 1%) 
decrease in the quantity of cream purchased, whereas the same increase in loaves price 
brings the quantity purchased of loaves down by 1.2% (more than 1%). 
 
 
 
 
 
Table 10. Unconditional and Conditional Own-Price and Cross-Price Elasticities for Processed Cheese Varieties 
  Proc. Slices  Loaves Snack Cream Cheese 
    
  uncond cond uncond cond uncond cond uncond cond 
    Processed Slices  -0.407 -0.147 0.005 0.002 -0.020 -0.007 -0.020 -0.007 
    Loaves -0.005 0.000 -1.213 -0.115 0.124 0.012 -0.074 -0.007 
    Snack 0.034 0.006 0.347 0.058 -0.513 -0.086 0.055 0.009 
    Cream Cheese 0.027 0.008 0.171 0.054 0.053 0.017 -0.611 -0.192 
    
               Agg. Natural Ricotta Grated Specialty/Imported Shredded Cottage 
  uncond cond uncond cond uncond cond uncond cond uncond cond uncond cond 
Processed Slices  -0.029 -0.010 0.025 0.009 -0.054 -0.020 -0.004 -0.001 -0.021 -0.008 -0.076 -0.027 
Loaves -0.038 -0.004 0.083 0.008 0.088 0.008 0.153 0.014 -0.091 -0.009 0.005 0.000 
Snack 0.007 0.001 0.001 0.000 0.094 0.016 0.167 0.028 0.011 0.002 -0.010 -0.002 
Cream Cheese -0.044 -0.014 -0.050 -0.016 0.006 0.002 0.028 0.009 0.039 0.012 -0.029 -0.009 
The bold values are the statistically significant at 5% significance level. 
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As we did for natural cheese varieties, we consider now the signs and the 
statistical significance of the cross-price elasticities in each demand to determine which 
varieties are substitutes and which are complements for each processed cheese variety. 
As shown in Table 10, the analysis of the demand for processed slices reveals 
that this variety has no substitute within the cheese varieties considered in this study. 
However, this analysis shows that processed slices have several complements. The 
aggregate natural cheese category was found to be a complement for processed slices 
with unconditional cross-price elasticity of -0.03. Grated and shredded cheese varieties 
was found to be complement as well, nonetheless, the cottage cheese showed the highest 
unconditional elasticity, -0.08.  
 Loaves have four substitutes, snacks within the processed cheese category and 
Ricotta, grated cheese and specialty/imported cheese as well. All these varieties 
exhibited positive statistically significant unconditional (conditional) cross-price 
elasticities, Specialty/imported cheese and snacks prices having the most important 
effect with elasticities of 0.15 (0.01) and 0.12 (0.01) respectively. The unconditional 
(conditional) cross-price elasticities for the aggregate natural cheese category, cream 
cheese and shredded cheese were found to be negative, meaning that these varieties are 
complements for loaves. Shredded cheese category exhibited an unconditional elasticity 
of -0.09, and cream cheese and aggregate natural cheese category displayed the 
elasticities -0.07 and -0.04 respectively. 
According to the snacks demand estimation, this variety does not have any 
complement within the other 13 cheese varieties considered in this study. Only 
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substitution relationships were evident for this cheese. All the other cheese varieties 
belonging to the processed cheese category were found to be substitutes for snacks. 
Loaves presented the highest unconditional (conditional) cross-price elasticity, 0.35 
(0.06) meaning that a 1% increase in the price of loaves leads to an increase of the 
quantity purchased of snacks by 0.35%, holding all other factors constant. 
Specialty/imported cheese and Grated cheese were found to be substitutes for snacks as 
well, with unconditional elasticities of 0.17 and 0.09. 
All the processed cheese varieties were found to be substitutes for cream cheese. 
Within this category, the price of loaves had the highest effect on the quantity of cream 
cheese bought with an unconditional cross-price elasticity of 0.17, followed by snacks 
(0.05) and processed slices (0.03). A 1% increase in the price of loaves leads to 0.17% 
increase in the quantity purchased of cream cheese, holding fixed all other factors. As 
shown in Table 10, cream cheese has two other substitutes, shredded cheese and 
specialty/imported cheese. 
Cream cheese was found to have three complement among the 14 investigated 
varieties. The aggregate natural cheese variety showed a negative unconditional cross-
price elasticity of -0.04, while Ricotta and cottage cheese exhibited respectively the 
values of -0.05 and -0.03. A 1% increase in the price of Ricotta products leads, on 
average, to a decrease in the quantity of cream cheese purchased by 0.05%, holding all 
the other factors fixed. 
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Other Cheese Varieties 
This category contains 5 cheese varieties, Ricotta, grated cheese, 
specialty/imported cheese, shredded cheese, and cottage cheese. The demand for the first 
3 varieties was found to be elastic, with unconditional own-price elasticities of -3.89,      
-2.24 and -1.51 respectively. Cottage cheese variety exhibited an inelastic demand with 
an elasticity of -0.83, while shredded cheese was found to have a very inelastic demand 
with an unconditional own-price elasticity of -0.38. 
As shown in Table 11, the demand estimation for Ricotta cheese revealed that 
this variety has only one complement, the aggregate natural cheese category, with an 
unconditional cross price elasticity of -0.14. Ricotta has several substitutes that exhibited 
significant positive unconditional cross-price elasticities, such as grated and shredded 
cheese, specialty/imported cheese, cottage cheese, and the aggregate processed cheese 
category. Specialty/imported cheese variety presented the strongest substitution 
relationship with an elasticity of 0.31, followed by grated cheese with 0.26, and shredded 
cheese variety with an elasticity of 0.13. 1% increase in the price of grated cheese 
products leads, on average, to an increase of 0.26% in the quantity purchased of Ricotta 
products. 
 
 
 
 
Table 11. Unconditional and Conditional Own-Price and Cross-Price Elasticities for the Other Cheese Varieties 
  Ricotta Grated Specialty/Imported Shredded Cottage 
  uncond cond uncond cond uncond cond uncond cond uncond cond 
Ricotta -3.983 -0.231 0.258 0.015 0.312 0.018 0.130 0.008 0.072 0.004 
Grated 0.338 0.070 -2.236 -0.463 0.213 0.044 0.037 0.008 0.083 0.017 
Specialty/Imported 0.283 0.042 0.246 0.036 -1.508 -0.224 0.118 0.017 0.153 0.023 
Shredded 0.029 0.011 -0.041 -0.016 0.064 0.025 -0.380 -0.147 -0.090 -0.035 
Cottage 0.029 0.008 -0.065 -0.018 -0.010 -0.003 0.015 0.004 -0.834 -0.226 
             Agg. Natural Agg. Processed 
        uncond cond uncond cond 
      Ricotta -0.143 -0.008 0.100 0.006 
      Grated 0.071 0.015 0.173 0.036 
      Specialty/Imported 0.165 0.024 0.243 0.036 
      Shredded 0.023 0.009 0.006 0.002 
      Cottage -0.009 -0.003 0.045 0.012 
      The bold values are the statistically significant at 5% significance level. 
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Only the shredded cheese category was not found to be a substitute for the grated 
cheese variety. The demand estimation of this variety showed that all the other cheese 
varieties considered in this study are substitutes for grated cheese as exhibited in Table 
11. Ricotta cheese showed an unconditional cross-price elasticity of 0.34, while 
specialty/imported cheese and cottage cheese exhibited respectively elasticity values of 
0.21 and 0.08. The aggregate categories for natural and processed cheese also were 
substitutes with the elasticities 0.07 and 0.17 respectively. 
Specialty/imported cheese variety was the only cheese variety in our study for 
which all the other varieties were found to be substitutes. This high substitutability might 
be due to the very nature of this variety that could include any other cheese variety. 
Ricotta cheese, grated cheese and the aggregated processed cheese category exhibited 
the highest substitution degree with unconditional cross-price elasticities of 0.28, 0.25 
and 0.24 respectively. The weakest substitute was the shredded cheese variety with an 
unconditional elasticity of 0.12, meaning that 1% increase in the price of shredded 
cheese products induces only 0.12% increase in the quantity of specialty/imported 
cheese products purchased on average. 
As shown in Table 11, Shredded cheese was found to have two substitutes and 
two complements among the different cheese varieties included in this study. The 
substitutes are the specialty/imported variety with an unconditional cross-price elasticity 
of 0.06 and the aggregate natural cheese category with an elasticity of 0.02. On the other 
hand, the complements were found to be grated cheese variety and cottage cheese 
variety with unconditional cross-price elasticities of - 0.04 and - 0.09 respectively. 
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According to the demand estimation for cottage cheese, this variety has only one 
substitute and one complement. All the other varieties price coefficient estimates turned 
out to not be statistically significant. Cottage cheese substitute was found to be the 
aggregate processed cheese category with an unconditional cross-price elasticity of 0.04, 
and the only complement was grated cheese variety with an elasticity of -0.06. A 1% 
increase in the price of grated cheese products leads the quantity purchased of cottage 
cheese to decrease by 0.06%, holding all the other factors constant. 
 
Income Elasticities 
In this study, we are interested on the effect of household income on the quantity 
purchased of the different cheese varieties considered. As shown in Table 8, only the 
loaves variety was not affected by changes in household income. Most of the other 
cheese varieties exhibit behavior consistent with a normal good. That is, the quantity 
purchased of the variety considered increases when household income increases, and the 
demand falls when household income decreases.  
As shown in Table 12, Specialty/imported cheese variety exhibited the highest 
unconditional income elasticity among the 14 studied cheese varieties. The 
unconditional income elasticity of this variety was found to be 0.34, meaning that a 1% 
increase in the household income leads to 0.34% increase in this household demand for 
specialty/imported cheese products. This percentage drops to 0.05% when considering 
household already purchasing specialty/imported cheese products. Ricotta and 
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Mozzarella cheese varieties also exhibit relatively high unconditional income elasticities 
with a value of 0.22.  
 
Table 12. Unconditional and Conditional Household Income Elasticities 
  Household Income 
  uncond Cond 
Mozzarella 0.217 0.047 
Colby 0.119 0.005 
Cheddar 0.070 0.019 
Swiss 0.101 0.018 
Remaining Natural 0.183 0.032 
Processed Slices  -0.092 -0.033 
Loaves -0.019 -0.002 
Snack 0.099 0.017 
Cream Cheese 0.094 0.029 
Ricotta 0.220 0.013 
Grated 0.060 0.012 
Specialty/Imported 0.341 0.051 
Shredded 0.118 0.046 
Cottage 0.047 0.013 
The bold values are the statistically non-significant elasticities at 5% significance level. 
 
We notice that high unconditional income elasticities for these varieties does not 
imply that the same cheese products would necessarily exhibit high conditional income 
elasticities as well. The shredded cheese variety has unconditional income elasticity of 
0.12, lower than Ricotta’s unconditional income elasticity of 0.22; however, its 
conditional income elasticity was found to be 0.05, considerably higher than 0.01, the 
conditional income elasticity of Ricotta cheese variety. The ranking of the magnitude of 
household income effect on the demand among the different cheese variety depends 
greatly on whether these varieties are already being purchased by the household or not. 
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Processed slices were the only cheese variety showing a statistically significant 
negative income elasticity in this study. This finding implies that households tend to 
purchase less processed slices when their income increases, meaning that processed 
cheese is an inferior good. Processed slices might be perceived then as a lower quality 
product and households tend to switch to different varieties as soon as their economic 
situation improves. 
 
Advertising Expenditure Elasticities 
In this study, contemporaneous and 1,2, and 3-lag advertising expenditure 
variables were considered as explanatory variables to investigate the effect of generic 
dairy advertising expenditure on the quantity purchased of each of the 14 cheese 
varieties. Table 13 shows the advertising elasticities calculated using each demand 
coefficient estimates for the advertising variables. We also calculated the long-term 
advertising expenditure elasticities by summing the statistically significant elasticities 
for each cheese variety. Results showed that advertising expenditures impacted the 
quantity of cheese product purchased for all the varieties except for Ricotta cheese.  
 
 
 
 
Table 13. The Statistically Significant Unconditional and Conditional Advertising Expenditure Elasticities 
  Generic Advertising Expenditure     
 
adv l1adv l2adv l3adv Long-Run Elasticity 
Variety uncond cond uncond cond uncond cond uncond cond uncond cond 
Mozzarella X X 0.025 0.006 0.061 0.013 0.075 0.016 0.161 0.035 
Colby 0.573 0.024 X X 0.538 0.023 X X 1.111 0.047 
Cheddar 0.067 0.018 X X 0.127 0.034 X X 0.195 0.052 
Swiss 0.060 0.011 X X 0.082 0.015 X X 0.143 0.026 
Remaining Natural 0.038 0.007 X X 0.052 0.009 X X 0.090 0.016 
Processed Slices  0.134 0.048 X X 0.149 0.054 X X 0.283 0.102 
Loaves 0.100 0.009 0.042 0.004 0.121 0.011 X X 0.263 0.025 
Snack X X 0.027 0.004 X X 0.067 0.011 0.093 0.016 
Cream Cheese X X X X 0.107 0.034 X X 0.107 0.034 
Ricotta X X X X X X X X X X 
Grated 0.050 0.010 X X 0.072 0.015 X X 0.123 0.025 
Specialty/Imported X X X X X X 0.093 0.014 0.093 0.014 
Shredded X X X X 0.040 0.016 X X 0.040 0.016 
Cottage 0.060 0.016 X X 0.048 0.013 X X 0.108 0.029 
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As shown in Table 13, eight varieties exhibited a significant advertising effect for 
the contemporaneous and the 2-lag advertising variables (2 quarters later) on the 
quantity of cheese purchased. These varieties are: all the natural cheese varieties except 
Mozzarella; two processed varieties: slices and loaves; grated cheese, and cottage 
cheese. For most of these varieties, the impact of advertising expenditure after 2 quarters 
was considerably greater than the contemporaneous effect. Colby had the highest 
unconditional contemporaneous advertising expenditure elasticity among these varieties 
with a value of 0.57, followed by processed slices with 0.13. Thus, a 1% increase in 
generic dairy advertising expenditure leads to an increase of 0.57% of household Colby 
purchases in the current quarter. The highest conditional contemporaneous advertising 
expenditure elasticity was exhibited by processed slices with a value of 0.05.  
Colby also was the cheese variety with the highest unconditional 2-lag 
advertising expenditure elasticity (0.54) followed by processed slices (0.15) and Cheddar 
cheese (0.13). A 1% increase in generic dairy advertising expenditure leads to an 
increase of 0.13% of the quantity of Cheddar products purchased by households two 
quarters later. The highest conditional 2-lag advertising expenditure elasticity was 
exhibited by processed slices with a value of 0.05, followed by Cheddar with 0.03. 
Among these 8 cheese varieties, the remaining natural cheese category and cottage 
cheese variety had the lowest unconditional long-run advertising expenditure elasticity 
with only 0.09 and 0.11 respectively. The highest long-run elasticity was exhibited by 
American Colby (1.1) followed by the processed varieties slices (0.28) and loaves 
(0.26). 
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Only 3 varieties showed a statistically significant effect of the generic dairy 
advertising expenditure on cheese purchased quantities after one quarter (1-lag 
advertising expenditure variable). These varieties are Mozzarella, loaves and snacks. 
Loaves presented the highest unconditional 1-lag expenditure elasticity with a value of 
0.04 while Mozzarella exhibited the highest conditional 1-lag advertising expenditure 
elasticity with 0.006. 
The varieties cream cheese, shredded cheese, and specialty/imported cheese 
showed only one statistically significant coefficient estimate related to the advertising 
expenditure variables. For both varieties cream cheese and shred cheese, only the 2-lag 
expenditure variable had an effect on the quantity of cheese products purchased by 
households. The unconditional (conditional) 2-lag advertising expenditure elasticity was 
0.11 (0.03) for cream cheese and 0.04 (0.02) for shredded cheese variety. For the third 
category, specialty/imported cheese, only the 3-lag expenditure variable had an effect on 
the quantity of cheese products purchased by households. The unconditional 
(conditional) 3-lag advertising expenditure elasticity was 0.09 (0.01). 1% increase in the 
generic dairy advertising expenditure leads to 0.09% increase in the quantity of 
specialty/imported cheese purchased by households after 3 quarters. For the 3 varieties, 
cream cheese, shredded cheese and specialty/imported cheese, the values of elasticities 
presented represent the long-run generic dairy advertising expenditure effect as well. 
In addition to specialty/imported cheese products, two other cheese varieties 
exhibited a statistically significant effect of the 3-lag advertising expenditure variable on 
the cheese quantity purchased. These varieties are the natural cheese Mozzarella and the 
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processed variety snacks. Specialty/imported cheese products showed the highest 
unconditional elasticity of 0.09, followed by Mozzarella and snacks with 0.07, while 
Mozzarella exhibited the highest conditional elasticity of 0.02 followed by the two other 
varieties with 0.01.  
The estimation of demand for Mozzarella products showed that in addition to the 
3-lag variable, the 1-lag and 2-lag advertising expenditure variables also had a 
statistically significant impact on the quantities purchased by household. According to 
Table 23, the unconditional 1-lag (conditional) advertising expenditure elasticity for 
Mozzarella is 0.02 (0.01) and the 2-lag elasticity is 0.06 (0.01). Therefore, the 
unconditional (conditional) long term elasticity of generic dairy advertising expenditure 
for Mozzarella products is 0.16 (0.03). 
For snack products, the impact of advertising expenditure on the demand also 
was statistically significant for 1-lag variable (in addition to lag-3). The calculation of 
the unconditional (conditional) 1-lag elasticity revealed a value of 0.03 (0.00), meaning 
that, 1% increase in the generic dairy advertising expenditure leads to an increase of 
0.03% of the quantity purchased of snack products after one quarter and 0.07% increase 
after three quarters. We notice that for the three varieties specialty/imported cheese, 
Mozzarella, and snack varieties, the impact of the advertising expenditure on the demand 
for cheese is more important after 3 quarters. 
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The Impact of Demographics on Cheese Demand 
Other than the price of the different cheese varieties, household income and 
generic dairy advertising expenditure variables, several groups of variables had been 
added to our models to control for the effect of demographics on the demand of each 
cheese variety. These variables included household size, presence of children, age of 
household head, education attainment, race and ethnicity, and location. We considered 
seasonality as well. The presence of children and the age of household head had the least 
number of significant coefficient estimates across the 14 investigated cheese varieties. 
Overall, these factors are the least impacting demographics associated with the demand 
of all cheese varieties. In this section we mostly interpreted the values of unconditional 
marginal effects; however, the same procedure could be used to interpret the values of 
conditional marginal effects as well. We observed that the difference between 
conditional and unconditional values for demographics are small compared to the same 
differences observed when analyzing prices, income, and advertising effects. 
 
Household Size 
For both Swiss cheese and snack variety, the only household size variable that 
was statistically significant is hhsize1. For these two varieties, as shown in Table 14, 
single households purchased respectively, on average, 0.45 and 0.61 ounces/quarter less 
than households with at least 5 members, holding all other factors constant. 
 
 
 
Table 14. Unconditional and Conditional Marginal Effects of Household Size Variables 
  Household Size 
 
hhsize1 hhsize2 hhsize3 hhsize4 
Cheese Variety uncond cond uncond cond uncond cond uncond cond 
Mozzarella -4.875 -5.304 -2.700 -2.937 -1.563 -1.701 -0.678 -0.737 
Colby -0.756 -0.586 -0.411 -0.319 -0.295 -0.228 -0.138 -0.107 
Cheddar -7.848 -5.707 -3.395 -2.469 -2.257 -1.641 -1.529 -1.112 
Swiss -0.452 -0.672 -0.086 -0.128 -0.028 -0.042 0.003 0.005 
Remaining Natural -3.544 -2.548 -2.316 -1.665 -1.125 -0.809 -0.707 -0.508 
Processed Slices  -20.315 -15.326 -10.665 -8.046 -5.451 -4.113 -2.116 -1.596 
Loaves -3.634 -2.971 -1.895 -1.550 -1.309 -1.071 -0.400 -0.327 
Snack -0.607 -0.631 -0.034 -0.035 -0.063 -0.065 0.052 0.054 
Cream Cheese -7.585 -5.599 -3.883 -2.866 -2.975 -2.196 -1.102 -0.813 
Ricotta -1.533 -1.106 -0.873 -0.630 -0.473 -0.341 -0.030 -0.021 
Grated -1.880 -2.107 -0.921 -1.032 -0.501 -0.561 -0.193 -0.216 
Specialty/Imported -0.657 -0.538 -0.151 -0.124 -0.261 -0.213 0.056 0.046 
Shredded -18.820 -14.097 -10.246 -7.675 -6.075 -4.551 -2.205 -1.652 
Cottage -10.452 -7.434 -4.190 -2.980 -2.953 -2.100 -1.297 -0.922 
The bold values are the statistically non-significant elasticities at 5% significance level. 
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For all the other cheese varieties we observe a positive relationship between 
household size and the quantity of cheese purchased by household, the only exceptions 
being specialty/imported cheese products. For this variety we found that household with 
2 members purchased, on average, 0.15 ounces less than households with 5 members at 
least, while households with 3 members purchased, on average, 0.26 ounces less than 
households with at least 5 members. 
 
Presence of Children 
The presence of children in the household did not have any impact on the 
quantity of cheese products purchased for the American Colby and Ricotta cheese 
varieties. For both varieties, the coefficient estimates for the three variables accounting 
for the presence of children were not statistically significant at 5% significance level.  
According to the demand estimation results showed in Table 15, the presence of 
children under 5 years of age implies that more quantity purchased of Mozzarella, 
Cheddar, and remaining cheese category cheese product. Compared with households 
with no children, household with children under 5 years of age purchased, on average, 
1.25 ounces/quarter more Mozzarella products than household with no children. This 
difference increased to 1.36 ounces/quarter when considering only households that 
purchased Mozzarella products. For Swiss cheese, most of processed cheese varieties, 
grated cheese, specialty/imported cheese products, and cottage cheese variety, the 
presence of children under 5 years of age in the household had the opposite effect. 
Households with these children purchased, on average less cheese products than 
62 
 
 
households with no children. As shown in Table 15, household with children under 5 
years of age purchased, respectively 0.84 ounces and 2.3 ounces/quarter less, on average, 
of cream cheese and cottage cheese products, compared to household with no children. 
 
Table 15. Unconditional and Conditional Marginal Effects of the Presence of 
Children Variables 
  Presence of Children 
 
child05 child612 child1317 
Cheese Variety uncond cond uncond cond uncond cond 
Mozzarella 1.246 1.356 1.050 1.142 0.316 0.344 
Colby -0.118 -0.091 -0.110 -0.085 0.025 0.020 
Cheddar 1.005 0.731 -0.546 -0.397 1.161 0.845 
Swiss -0.100 -0.149 -0.160 -0.237 -0.108 -0.161 
Remaining Natural 1.189 0.855 -0.293 -0.210 -0.065 -0.047 
Processed Slices  0.045 0.034 -0.480 -0.362 1.302 0.982 
Loaves -0.437 -0.357 -0.036 -0.030 0.433 0.354 
Snack -0.257 -0.267 0.083 0.086 0.046 0.048 
Cream Cheese -0.844 -0.623 0.689 0.508 0.640 0.473 
Ricotta -0.117 -0.085 -0.168 -0.121 0.109 0.078 
Grated -0.207 -0.232 -0.002 -0.002 0.088 0.098 
Specialty/Imported -0.210 -0.171 -0.315 -0.257 -0.161 -0.132 
Shredded -1.402 -1.050 0.144 0.108 3.070 2.300 
Cottage -2.313 -1.645 -2.643 -1.880 -3.260 -2.319 
 The bold values are the statistically significant elasticities at 5% significance level. 
 
The presence of children between 6 and 12 years of age had different effects on 
cheese purchases depending on the variety considered as well. According the demand 
estimation results showed in Table 15, households with children between 6 and 12 years 
of age purchased more Mozzarella and cream cheese products than households with no 
children. On average, 1.05 ounces more Mozzarella and 0.69 ounces more cream cheese 
products every quarter. However, these households purchased less Swiss cheese, 
specialty/imported cheese, and cottage cheese products, compared to households with no 
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children. As shown in Table 15, household with children between 6 and 12 years of age 
purchased, on average, 0.16 ounces, 0.31 ounces, and even 2.64 ounces/quarter less of 
Swiss cheese, specialty/imported cheese, and cottage cheese products respectively, than 
households with no children. 
Households with adolescents, children between 13 and 17 years of age purchased 
more Cheddar, most of the processed cheese varieties, and shredded cheese than 
households with no children. According to our results, the presence of adolescents in the 
household implied, on average, 1.16 ounces more of Cheddar cheese purchased by 
quarter, 1.3 more ounces more of processed slices and even 3.1 ounces more of shredded 
cheese purchased compared to households with no children. Nonetheless, these 
household also purchased less Swiss cheese, specialty/imported cheese, and cottage 
cheese products compared to households with no children. On average, households with 
adolescents purchased 0.11 less ounces of Swiss cheese and 3.26 less ounces of cottage 
cheese products, relative to households with no children. 
 
Age of Household Head 
Overall, the demand for only five cheese varieties were found to be affected by 
the age of the household head. These varieties are Mozzarella, loaves, snacks, shredded 
cheese and cottage cheese. 
As shown in Table 16, households with head with between 45 and 65 years of 
age purchased 2.84 ounces less, and households with heads over 65 years of age 
purchased on average 4.34 ounces/quarter less, compared to households with a 
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household head under 25 years of age. Therefore, there is a negative relationship 
between household head age and the quantity of Mozzarella purchased. The same pattern 
was observed when considering shredded cheese variety purchases. 
For snack products, there was a positive relationship between age of the 
household head and the quantity of snacks purchased. As shown in Table 16, this 
relationship was only revealed for household heads over 35 years on age though. 
Households with heads aged between 35 and 45 years also were found to purchase, on 
average, 1.95 ounces more of cheese loaves per quarter than the reference category, 
households with the household head under 25 years of age. The only age category 
affecting the quantity of cottage cheese purchased was households with heads over 65 
years of age. These households purchased on average 8.95 ounces/quarter more than the 
reference category, holding all the other factors fixed. 
 
 
 
 
 
Table 16. Unconditional and Conditional Marginal Effects of the Age of Household Head Variables 
  Age of Household Head 
 
age_2535 age_3545 age_4565 age_ovr65 
Cheese Variety uncond cond uncond cond uncond cond uncond cond 
Mozzarella -1.156 -1.258 -2.057 -2.238 -2.837 -3.086 -4.342 -4.724 
Colby 0.250 0.194 0.512 0.396 0.539 0.418 0.361 0.280 
Cheddar -0.102 -0.074 -0.118 -0.085 -0.162 -0.118 -0.262 -0.191 
Swiss -0.100 -0.149 0.194 0.288 0.260 0.386 0.264 0.392 
Remaining Natural 0.285 0.205 0.389 0.280 0.068 0.049 -0.954 -0.686 
Processed Slices  6.129 4.624 5.369 4.051 4.145 3.127 2.423 1.828 
Loaves 1.717 1.404 1.952 1.597 1.447 1.184 0.478 0.391 
Snack 0.446 0.464 0.619 0.644 0.769 0.800 0.971 1.010 
Cream Cheese -1.515 -1.119 -0.920 -0.679 -0.733 -0.541 0.134 0.099 
Ricotta -0.333 -0.240 -0.672 -0.485 -0.835 -0.602 -0.800 -0.577 
Grated 0.063 0.071 -0.088 -0.098 -0.375 -0.420 -0.530 -0.594 
Specialty/Imported -0.276 -0.226 0.048 0.040 -0.035 -0.029 -0.015 -0.012 
Shredded -1.175 -0.880 -2.691 -2.015 -7.550 -5.655 -14.615 -10.947 
Cottage -0.652 -0.463 0.887 0.631 4.408 3.135 8.951 6.367 
  The bold values are the statistically significant elasticities at 5% significance level. 
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Education Attainment of Household Head 
Except for American Colby, all the natural cheese varieties exhibited a 
significant positive relationship between education level of the household head and the 
quantity of cheese purchased. Considering Mozzarella products, Table 17 shows that, 
compared to households with household heads that are college graduates, households 
with heads that have less than high-school education purchased 2.3 ounces less, 
household heads with only high-school diploma purchased 1.62 ounces less, and 
household heads with some college education purchased 0.63 ounces less Mozzarella 
cheese products on average. 
For processed cheese varieties, the demand estimation results showed that for 
processed slices and loaves, the quantity of cheese products purchased decrease with the 
increase of education level of the household head. The opposite was observed when 
considering snacks and cream cheese varieties, where the education attainment had a 
positive impact on the quantity purchased up to some college education. Cream cheese 
demand revealed that households with household heads with less than high-school 
education purchased, on average, 1.52 ounces/quarter less than household with 
household heads that are college graduates, holding any other factor constant.  
Ricotta, specialty/imported cheese, and cottage cheese varieties exhibited the 
same education impact as did natural cheese products. For these three varieties, the 
quantity of cheese products purchased per quarter increased with the increase of 
household head education attainment as well. As shown in Table 17, households with 
household heads that have only a high-school education purchased, on average, 0.34 and 
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2.21 ounces/quarter less of Ricotta and cottage cheese, respectively, than household with 
household heads that are college graduates.  
 
Table 17. Unconditional and Conditional Marginal Effects of Education Variables 
  Education Level of Household Head 
 
edu_lesshs edu_hs edu_somecol 
Cheese Variety uncond cond uncond cond uncond cond 
Mozzarella -2.377 -2.586 -1.619 -1.762 -0.634 -0.690 
Colby -0.010 -0.008 0.170 0.132 0.145 0.113 
Cheddar -2.169 -1.577 -2.008 -1.460 -0.739 -0.538 
Swiss -0.380 -0.564 -0.196 -0.290 -0.067 -0.099 
Remaining Natural -1.076 -0.773 -0.424 -0.305 -0.182 -0.131 
Processed Slices  6.745 5.089 5.075 3.829 3.143 2.371 
Loaves 0.732 0.598 0.709 0.580 0.545 0.446 
Snack -0.286 -0.298 -0.068 -0.070 0.046 0.047 
Cream Cheese -1.522 -1.123 0.066 0.049 0.725 0.535 
Ricotta -0.632 -0.456 -0.343 -0.247 -0.144 -0.104 
Grated -0.044 -0.049 -0.020 -0.022 0.021 0.024 
Specialty/Imported -1.286 -1.051 -1.019 -0.833 -0.465 -0.380 
Shredded -2.004 -1.501 0.854 0.640 1.002 0.750 
Cottage -3.880 -2.760 -2.212 -1.573 -0.982 -0.698 
 The bold values are the statistically non-significant elasticities at 5% significance level. 
 
 
Race of Household Head 
In this study we considered dummy variables to account for the effect of race on 
the demand of each cheese variety, Caucasian, African-American and Oriental, with the 
reference category being all other races. 
 
 
 
 
 
Table 18. Unconditional and Conditional Marginal Effects of Race and Ethnicity Variables 
  Race of Household Head Ethnicity 
 
white black oriental hispanic 
Cheese Variety uncond cond uncond cond uncond cond uncond cond 
Mozzarella 0.871 0.948 -4.861 -5.289 -2.006 -2.183 1.619 1.762 
Colby 0.072 0.056 -0.266 -0.206 -0.389 -0.302 -0.094 -0.073 
Cheddar 0.632 0.460 -1.695 -1.233 -7.898 -5.744 -1.447 -1.052 
Swiss 0.336 0.499 -0.700 -1.039 -0.309 -0.459 -0.212 -0.314 
Remaining Natural 0.603 0.433 -1.742 -1.252 -2.041 -1.467 0.894 0.643 
Processed Slices  1.409 1.063 -1.452 -1.095 -5.950 -4.489 -0.767 -0.578 
Loaves 0.567 0.463 -1.191 -0.974 -2.024 -1.655 -1.048 -0.857 
Snack 0.191 0.199 -1.300 -1.352 -0.676 -0.703 -0.565 -0.588 
Cream Cheese 1.808 1.334 -4.024 -2.970 -0.767 -0.566 -1.073 -0.792 
Ricotta 0.336 0.242 -0.482 -0.347 -0.448 -0.323 0.204 0.147 
Grated 0.476 0.534 -0.756 -0.847 -0.559 -0.626 0.050 0.056 
Specialty/Imported 0.318 0.260 -1.266 -1.036 -0.338 -0.277 1.069 0.875 
Shredded 4.060 3.041 -3.468 -2.597 -8.115 -6.079 -3.909 -2.928 
Cottage 5.376 3.824 -8.469 -6.023 -6.011 -4.276 -1.232 -0.876 
  The bold values are the statistically non-significant elasticities at 5% significance level. 
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Across all cheese varieties, Caucasian households were found to purchase more 
quantity of cheese products than other races, the reference category, holding all other 
factors constant (Table 18). African-American and Oriental households also exhibited 
the same pattern across all cheese varieties, purchasing on average less than households 
that belong to the reference category. However, we could differentiate between two 
distinct groups of cheese varieties.  
The first group, including American Colby, Cheddar, Swiss, remaining natural 
cheese category, and shredded cheese variety, African-American households exhibited a 
higher coefficient estimate than Oriental households. For these cheese varieties, the 
difference between the quantity purchased by African-American household and other 
races households (reference category) was smaller, on average, than the difference 
between the quantity purchased by Oriental household and the reference category. For 
example, considering Cheddar products, African-American households purchased, on 
average, 1.69 ounces/quarter less than the reference category households, while Oriental 
households purchased, on average, 7.90 ounces/quarter less than the same households, 
holding all other variables constant.  
On the other hand, for the second group of cheese varieties, including 
Mozzarella, snacks, grated cheese, specialty/imported cheese, and cottage cheese, 
African-American households exhibited a lower coefficient estimate than Oriental 
households. The difference between the quantity purchased by African-American 
household and other races households (reference category) was higher, on average, than 
the difference between the quantity purchased by Oriental household and households 
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within the reference category. African-American households purchased, on average, 4.86 
and 1.3 ounces/quarter less Mozzarella and snack products, respectively, than the 
reference category households, while Oriental households purchased, on average, 
2.01and 0.68 ounces/quarter less Mozzarella and snack products than the same 
households, holding all other variables constant. 
 
Ethnicity of Household Head 
Within natural cheese varieties, Hispanic households purchased more Mozzarella 
and the remaining natural cheese category than non-Hispanic households. Hispanic 
households purchased, on average, 1.62 ounces more Mozzarella per quarter than non-
Hispanic households; however, they purchased 1.45 and 0.21 ounces/quarter less 
Cheddar and Swiss cheese, on average, than non-Hispanic households, holding all the 
other variables constant. 
All processed cheese varieties exhibited a negative impact of being Hispanic on 
the quantity of cheese purchased. Hispanic households purchased, on average, 1.07 and 
1.05 ounces per quarter less of cream cheese and loaves, respectively, than non-Hispanic 
households. 
 Among the other cheese category, only specialty/imported cheese and shredded 
cheese varieties demands revealed a statistically significant effect of ethnicity on the 
quantity purchased. As shown in Table 18, Hispanic households purchased 1.07 more 
ounces of specialty/imported cheese products and 3.91 less ounces of shredded cheese, 
on average, than non-Hispanic households, holding all other factors fixed. 
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Household Location 
For all natural cheese varieties, except American Colby, the West was the region 
where household purchased more cheese products. For Mozzarella and Cheddar cheese 
products, the West was followed by the East region; however, in the East region 
households purchased less cheese product when considering Swiss cheese or the 
remaining natural cheese category. As shown in Table 19, households located in the East 
(South) consumed, on average, 1.56 (3.35) ounces of Mozzarella less than households 
living in the West region, and 0.32 (0.10) ounces less of Swiss cheese products. 
The opposite effect of the West region is observed when considering the 
processed cheese varieties. For most of these varieties, households located in the West 
region purchased less cheese products than households located anywhere else. As shown 
in Table 19, all the statistically significant coefficient estimates for the demand of 
processed slices and cream cheese exhibited positive values. Only households located in 
the East exhibited a negative value for the demand of loaves and snack products, relative 
to the West. Households located in the South presented the highest coefficient estimates 
for most of processed cheese varieties. They purchased, respectively, 7.18 ounces and 
1.30 ounces of processed slices and loaves more than households located in the West.  
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Table 19. Unconditional and Conditional Marginal Effects of the Location 
Variables 
  Region 
 
East Central South 
Cheese Variety uncond cond uncond cond uncond cond 
Mozzarella -1.557 -1.694 -1.993 -2.168 -3.353 -3.648 
Colby 0.288 0.223 0.904 0.701 0.713 0.553 
Cheddar -5.461 -3.972 -10.527 -7.656 -5.580 -4.058 
Swiss -0.321 -0.477 -0.221 -0.328 -0.098 -0.146 
Remaining Natural -3.205 -2.304 -2.139 -1.538 -2.280 -1.639 
Processed Slices  3.834 2.892 6.930 5.228 7.181 5.418 
Loaves -0.458 -0.374 0.770 0.630 1.589 1.299 
Snack -0.115 -0.120 0.350 0.364 0.619 0.644 
Cream Cheese 1.456 1.075 1.031 0.761 -0.157 -0.116 
Ricotta -0.207 -0.149 -1.211 -0.874 -2.116 -1.526 
Grated 0.743 0.833 -0.017 -0.019 -0.020 -0.023 
Specialty/Imported -0.577 -0.471 -0.949 -0.776 -0.677 -0.553 
Shredded -4.061 -3.042 6.409 4.801 2.595 1.944 
Cottage -7.970 -5.669 -2.534 -1.802 -8.243 -5.863 
 The bold values are the statistically non-significant elasticities at 5% significance level. 
 
When considering the demand for Ricotta, specialty/imported cheese, and cottage 
cheese varieties we observed that, once again, the West is the region where more cheese 
quantities are purchased by households. All the coefficient estimates of the location 
dummy variables are negative. Households located in the Central region purchased, on 
average, 1.21 ounces less Ricotta,  0.95 ounces less specialty/imported cheese products, 
and 2.53 ounces less cottage cheese than households living in the West. 
 
Seasonality  
When considering natural cheese varieties, we observe that for Mozzarella and 
American Colby products, the fourth quarter was the period when household purchase 
less cheese products, while the highest quantities were purchased during the third 
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quarter. As shown in Table 20, households purchased, on average, 0.11 (0.08) ounces 
more of Mozzarella (Colby) in the first quarter than during the fourth quarter and 0.58 
(0.26) ounces more of the same cheese product in the third quarter than in the fourth 
quarter. For the other natural cheese varieties, Cheddar, Swiss, and remaining natural 
cheese category, we observe the opposite. For these varieties, the fourth quarter 
exhibited the highest quantities purchased. The lowest quantities were recorded during 
the first quarter, followed by the second quarter, then the third. Households purchased, 
on average, 1.16 (0.05) , 0.98 (0.04), and 0.75 (0.03) ounces of Cheddar (Swiss) cheese 
less in the first, second, and third quarter, respectively, than the quantity purchased 
during the fourth quarter, holding all the other factors fixed. 
All processed cheese varieties except processed sliced revealed higher purchased 
quantities during the fourth quarter. The quarter with the lowest purchases depended on 
each variety. The processed sliced variety showed it lowest purchases during the fourth 
quarter and the highest values during the third quarter, reproducing Mozzarella and 
Colby demand seasonality. As shown in Table 20, on average, households purchased 
respectively 4.9 and 0.70 ounces of cream cheese and snack products less in the first 
quarter than the quantities purchased of the same products during the fourth quarter, 
holding other variables constant. In the third quarter, households purchased 2.85 ounces 
more of processed slices but 0.70 ounces less of loaves than the quantities purchased 
during the fourth quarter. 
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Table 20. Unconditional and Conditional Marginal Effects of the Seasonality 
Variables 
  Quarter 
 
Q1 Q2 Q3 
Cheese Variety uncond cond uncond cond uncond cond 
Mozzarella 0.111 0.120 0.126 0.137 0.576 0.627 
Colby 0.076 0.059 0.115 0.089 0.260 0.202 
Cheddar -1.158 -0.842 -0.982 -0.714 -0.755 -0.549 
Swiss -0.053 -0.079 -0.037 -0.055 0.033 0.049 
Remaining Natural -0.421 -0.303 -0.266 -0.191 -0.202 -0.146 
Processed Slices  1.513 1.142 2.657 2.005 2.847 2.148 
Loaves -0.426 -0.348 -0.970 -0.793 -0.862 -0.705 
Snack -0.697 -0.725 -0.773 -0.804 -0.770 -0.801 
Cream Cheese -4.902 -3.619 -4.420 -3.263 -4.539 -3.351 
Ricotta 0.240 0.173 -0.183 -0.132 0.253 0.182 
Grated -0.020 -0.022 -0.336 -0.376 -0.194 -0.217 
Specialty/Imported -0.437 -0.358 -0.374 -0.306 -0.387 -0.316 
Shredded -0.877 -0.657 -2.339 -1.752 -2.208 -1.654 
Cottage 2.123 1.510 2.626 1.867 2.959 2.105 
 The bold values are the statistically non-significant elasticities at 5% significance level. 
 
Grated cheese, specialty/imported cheese, and shredded cheese demand 
estimations exhibited higher purchases during the fourth quarter as well. However, 
cottage cheese had it lowest quantities purchased during this same quarter while 
revealing the highest quantities throughout the third quarter.  
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Single Equations vs. System of Equations 
In this analysis we chose to estimate 14 equations individually to account for the 
demand for the disaggregate cheese varieties considered. Each equation was a random 
effects panel Tobit. To determine if a gain would have been made had we decided to use 
a seemingly unrelated regressions (SUR) approach instead, we retrieved the residuals 
from each equation and calculated the variance-covariance matrix of the residuals of all 
cheese varieties (Table 21). Then we obtained the correlation matrix of the residuals 
given that: 
                            
        
             
 
As shown in Table 22, all the correlation coefficients were very small, most of 
them less than 0.1 in absolute value terms, which means that the residuals associated 
with the 14 demand equations are not very correlated. We conclude then that estimating 
the demands as a system of equation SUR instead of single equations would not have 
resulted in considerable statistical gains, considering the magnitude of the elements of 
the correlation matrix. 
 
 
 
Table 21. The Variance-Covariance Matrix of Cheese Varieties 
  Mozzarella Colby Cheddar Swiss Rem. Nat. Slices  Loaves Snack Cream Ch. Ricotta Grated Spec/Imp Shredded Cottage 
Mozzarella 372.25 4.03 44.24 8.72 35.24 15.24 3.00 5.09 21.60 38.74 6.08 14.28 37.84 64.67 
Colby 
 
60.84 11.09 0.83 12.86 6.98 4.12 -0.67 4.90 4.24 0.54 0.41 11.66 24.09 
Cheddar 
  
838.10 20.02 62.11 24.03 18.33 12.07 43.39 15.38 10.27 19.05 42.20 96.15 
Swiss 
   
97.42 7.88 5.14 0.52 6.70 9.08 -2.82 3.46 6.95 20.12 12.00 
Rem. Nat. 
    
348.43 21.15 7.49 2.72 27.60 18.74 4.70 14.82 59.56 99.55 
Slices 
     
1093.36 38.99 13.78 32.08 7.58 12.10 -0.84 132.31 116.99 
Loaves 
      
316.09 7.22 25.59 0.27 3.84 0.41 59.99 27.71 
Snack 
       
104.23 14.30 -1.50 1.90 6.64 14.01 6.26 
Creem ch. 
        
484.99 22.86 8.59 15.65 101.25 66.79 
Ricotta 
         
185.06 7.03 8.35 52.33 50.20 
Grated 
          
39.71 3.87 28.59 8.77 
Spec./Imp. 
           
94.87 24.82 29.27 
Shredded 
            
1229.49 168.90 
Cottage                           3071.61 
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Table 22. The Correlation Matrix of Cheese Varieties 
  Mozzarella Colby Cheddar Swiss Rem. Nat. Slices  Loaves Snack Cream Ch. Ricotta Grated Spec/Imp Shredded Cottage 
Mozzarella 1.00 0.03 0.08 0.05 0.10 0.02 0.01 0.03 0.05 0.15 0.05 0.08 0.06 0.06 
Colby 
 
1.00 0.05 0.01 0.09 0.03 0.03 -0.01 0.03 0.04 0.01 0.01 0.04 0.06 
Cheddar 
  
1.00 0.07 0.11 0.03 0.04 0.04 0.07 0.04 0.06 0.07 0.04 0.06 
Swiss 
   
1.00 0.04 0.02 0.00 0.07 0.04 -0.02 0.06 0.07 0.06 0.02 
Rem. Nat. 
    
1.00 0.03 0.02 0.01 0.07 0.07 0.04 0.08 0.09 0.10 
Slices  
     
1.00 0.07 0.04 0.04 0.02 0.06 0.00 0.11 0.06 
Loaves 
      
1.00 0.04 0.07 0.00 0.03 0.00 0.10 0.03 
Snack 
       
1.00 0.06 -0.01 0.03 0.07 0.04 0.01 
Cream Ch. 
        
1.00 0.08 0.06 0.07 0.13 0.05 
Ricotta 
         
1.00 0.08 0.06 0.11 0.07 
Grated 
          
1.00 0.06 0.13 0.03 
Spec/Imp 
           
1.00 0.07 0.05 
Shredded 
            
1.00 0.09 
Cottage                           1.00 
 
 
7
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Conclusions 
In this study we estimated the demand for 14 disaggregate cheese varieties to 
investigate different relationships between these varieties within and outside their 
respective categories, but also to differentiate them by quantifying and comparing the 
impact of different factors such as advertising, demographics, and seasonality, on the 
unconditional and conditional purchase of each variety. We found that some cheese 
varieties share the same characteristics within their respective categories (natural, 
processed, other). But at the same time for each variety, demand is very differentiable. 
The same factors influence the purchase differently depending on the cheese variety 
considered. 
We found that demands for natural cheese varieties generally are elastic while 
most processed cheese varieties revealed inelastic demands. The interrelationships 
depended mostly on which variety demand is considered; however, we could distinguish 
among varieties that have many substitutes/complements and other that almost did not 
have any. For example, processed slices did not have any substitute product, while 
cottage cheese was a complement for most of the varieties. 
When considering household income, most of the varieties were found to be 
normal goods except processed slices. Income had more effect on the demand for natural 
cheese varieties, relatively little effect on the demand for cheese loaves, and higher 
impact on the demand of specialty/imported products. Generic dairy advertising 
expenditures also had different impact on demands, but mostly impacted the demand in 
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the contemporaneous quarter and two quarter later. Generic dairy advertising had no 
significant effect on the demand of Ricotta products. 
All other demographics affected the demands according to the nature of the 
cheese varieties. But for most of the varieties, household size, education attainment and 
being Caucasian had a positive impact on the demand. In contrast with findings of Davis 
et al. (2010) racial/ethnic factors were found to be important. African-American and 
Oriental household purchased less cheese products, and Hispanics bought more 
specialty/imported cheese products. Location factors were found to be important as well. 
More purchases of natural cheese varieties occured in the West region, and more 
purchases of processed varieties occured in the South. Almost all cheese varieties 
experienced higher purchases during the fourth quarter; however, this same quarter 
revealed the lowest volumes when considering Mozzarella and processed slices. 
In this study we succeeded in characterizing each of the 14 disaggregate variety 
demands and in demonstrating that the demands for different cheese varieties are very 
differentiable. Results from this study could be used by cheese manufacturers and 
marketers in implementing new or revising current marketing strategies and in the 
development of new products targeted to various household segments. 
Despite the fact that we showed that using a SUR approach, not much statistical 
gains would be made, the next step for further research is to estimate a demand system 
accounting for the panel nature of data and the censoring issue. This step would be a 
logical extension to our analysis where advantage would be taken from parameter 
restrictions to reflect homogeneity and Slutsky symmetry, and results of both studies 
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could be compared. Another extension would be the use of more recent data and 
investigate the potential changes in demand over time. 
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CHAPTER III 
THE IMPACT OF RETAIL PROMOTION ON THE DECISION TO PURCHASE 
PRIVATE LABEL PRODUCTS: THE CASE OF U.S. PROCESSED CHEESE 
 
Background 
An important issue to the profitability and growth of brands indigenous to the 
U.S. dairy industry is the increasing influence of private label products. Over the past 
few years, private label products have dominated milk sales, and they have gained 
importance in the other dairy categories as well, particularly cheese, butter and ice 
cream. According to the U.S. Census Bureau (2004), cheese overtook fluid milk as the 
largest user of raw milk in the late 1990s and, by 2001, it accounted for $19.6 billion in 
sales. Americans consumed 8.8 billion pounds of cheese in 2003 with a total market 
value3 of $39.9 billion, according to a study sponsored by the California Milk Advisory 
Board (CMAB). We focus on cheese since it is the dairy product category with the 
largest market value. At the retail level, private label brands (store brands) of cheese 
account for 35% of total market share; national brands account for the remaining 65%, 
where Kraft alone constitutes 45% of total market share (Cropp 2001). Although dated, 
these data are the most current available. 
Many experts believe that this growth trend in the private label share will 
continue due to the recent economic downturn wherein the consumer likely will focus 
more attention on prices. Additionally, private label products often provide acceptable 
                                                          
3 “Market value” includes foodservice and industrial sales as well as retail sales. 
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quality at reasonable prices. Consequently, the growth of the private label share becomes 
a major concern for managers of national brands who need to find ways of protecting 
their market. 
Store brands have lower prices, generally attributed to lower manufacturing, 
advertising and overhead costs. As manufacturers and retailers seek to expand cheese 
sales, they are mainly interested in consumer sensitivity to price changes for store and 
national brands (Huang 2007). However it is important to investigate other factors 
affecting consumer choices such as promotion strategies. Several studies showed that 
promotions for national brands could be more effective than those for private label 
products (Allenby and Rossi 1991; Bronnenberg and Wathieu 1996). Other studies 
looked into the effect of coupon redemption on household food purchases for frozen 
concentrated orange juice (Lee and Brown 1985) and for cheese products (Dong and 
Kaiser 2005). However, neither of these studies distinguished between national brands 
and store brands nor between the different types of coupons used.   
 
Objectives 
In this light, the objectives are: (1) to investigate the relationship between the 
decision to purchase private label products of processed cheese and the level of 
couponing activity, and (2) to assess the effectiveness of national brand coupons as 
deterrents to private label market share expansion. We use data from the Nielsen 
Homescan Panel of U.S. households for 2005 and 2006 in this investigation. We chose 
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to consider only the purchase information concerning American processed sliced cheese 
since this product had a market penetration of nearly 70% over the sample households.  
 
Literature Review 
Sethuraman  and  Mittelstaedt (1992) developed a framework to explain different 
types of coupon usage behavior as well as a typology of coupon effects. They used 
aggregate scanner panel data on 480 product categories and found that both the type of 
the coupon (private label or national brand) and the method of coupon distribution (by 
manufacturer or by retailer) are important determinants of private label purchase share 
responses. Couponing activities related to private label products were not identified as 
contributing to increase private label shares, and unexpectedly, the national brand store 
couponing activity was positively related to the private label purchase share. 
Bronnenberg and Wathieu (1996) studied the effect of brand positioning on 
promotion asymmetry. They analyzed consumer reactions to price discounts in a 
parsimonious preference model featuring loss aversion and reference-dependence along 
dimensions of price and quality. The study found that, given any two brands, there is an 
asymmetric promotion effect in favor of the higher quality/higher price brands if and 
only if the quality gap between the brands is sufficiently large in comparison with the 
price gap. Therefore, the direction of promotion asymmetry is not unconditional. If the 
ratio of quality and price differences is large enough, the usual asymmetry prevails 
(promotions of national brands are more effective than those of store brands); if such is 
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not the case, promotions of the lower quality/lower price brands are more effective 
(better consumer reaction to price discounts). 
Gedenk and Nelsin (1999) estimated the role of retail promotion in determining 
future brand loyalty through its effect on purchase event feedback. Purchase event 
feedback represents the effect of current purchases on future brand preference. The 
extent to which purchases made during a retail promotion enhanced or detracted from 
the level of feedback was evaluated, compared to non-promotion purchases. In-store 
price promotions were found to be associated with negative purchase event feedback 
compared to non-promotion purchases. Non-price promotions such as features or 
sampling (distribution of free product samples) were found to be associated with positive 
purchase event feedback compared to purchases made due to promotion. 
Garretson, Fisher and Burton (2002) proposed and tested a model that addressed 
the similarities and differences in conceptual antecedents of attitudes toward private 
label grocery products and national brand promotions. This study found that both price 
and non-price related constructs impacted attitudes of consumers toward both private 
label and national brand promotion, but the directionality and strength of these 
relationships differed. For example, value-consciousness was positively related to 
attitudes towards both private labels and national brand promotions, but the perception 
of price in terms of its relationship to product quality had the opposite effect. The 
relatively low price on private labels compared to national brands signaled inferior 
quality for consumers. In contrast, these same buyers viewed national brands on price 
promotion more favorably. 
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Dong and Kaiser (2005) estimated U.S. household cheese purchase, quality 
choice, and coupon redemption equations simultaneously, by endogenizing unit value 
and coupon redemption. The correlations among the three equations were found to be 
significant. The empirical findings revealed that coupon usage had a positive and 
significant impact on cheese purchases, and its elasticity compared favorably with 
previous elasticity estimates of generic cheese advertising. They also found that higher-
income households selected higher-quality cheese, while larger households chose lower-
quality cheese. African-American and Hispanic households redeemed less coupons, 
while coupon redemption of Asian households was not significantly different compared 
to Caucasian households. 
Arnade, Gopinath, And Pick (2008) analyzed brand choices of U.S. consumers 
for cheese purchases by deriving a set of discrete-choice models based on a dynamic 
utility maximization framework. They estimated a dynamic probit model for each of the 
top brands for cheddar, shredded, and sliced cheese in four U.S. regions. Although 
households exhibited strong brand inertia (persistence in buying the same brand), they 
also were more likely to switch within the top brands. They also showed that brand 
inertia was relatively larger in cheddar and sliced cheeses, especially in the Central and 
South regions. 
 
Contribution to Existing Literature 
This essay reconsiders the issue addressed by Sethuraman  and  Mittelstaedt 
(1992) differentiating between type of product (private label vs. national brand) and also 
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the origin of coupons (store coupon vs. manufacturer coupon) but adds the demographic 
dimension to the analysis. Previous works failed to tackle both the type of product and 
the origin of coupons simultaneously. Bronnenberg and Wathieu (1996) and Garretson, 
Fisher and Burton (2002) differentiated between the type of product only and found that 
product type influences promotion effectiveness; Dong and Kaiser (2005) addressed the 
impact of coupons on the purchase of cheese products without pointing out any 
differentiation in the type of coupon. Our research also contributes to the existing 
literature not only by considering other types of promotion but also by examining for the 
first time the effects of demographics when studying the impact of promotions on 
purchases, taking into account the type of product.   
Some of the previous studies used a conventional regression analysis 
(Sethuraman  and  Mittelstaedt 1992)  or a qualitative choice (binary logit) analysis 
(Gedenk and Nelsin 1999) to address their research issues. Others, due to the nature of 
data used and the complexity of the issue tackled opted for a more elaborate econometric 
framework (Dong and Kaiser 2005). Dong and Kaiser (2005) estimated U.S. household 
cheese purchase, quality choice, and coupon redemption equations simultaneously, and 
took into account zero purchases to correct for selectivity bias due to the panel nature of 
data.  In this research we consider the endogeneity of coupon use as well but within a 
different framework. We do not need to account for zero purchases since this analysis 
uses pooled cross-sectional data, wherein the observation units are actual transactions 
and not quantities bought by each household in each period of time as in Dong and 
Kaiser (2005). 
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Empirical Model 
We examine the influence of national brand and private label coupons on the 
decision to purchase private label processed cheese products. To identify these effects, a 
probit model is estimated where the binary variable Y equals 1 if the household buys the 
private label cheese product and equals 0 otherwise (the household chose to buy a 
national brand product). The model gives the probability that Y=1 conditional on a set of 
explanatory variables, namely, unit value, promotion type, and selected socio-
demographic variables. We are mainly interested in the signs and the marginal effects of 
the different types of retail promotion.  
The nature of promotion affecting the purchase is studied using three variables 
related to the type of promotion used: store coupons, store features4 and manufacturer 
coupons. Other variables corresponding to region, race and ethnicity also are included to 
control for potential geographic and race-related variations in cheese purchase patterns. 
Annual household income, household size, the age of the household head and her/his 
educational attainment also are used as explanatory variables. In most instances, the 
female household head is the household head. For households wherein no female 
household head is present, the male household head is the household head. We include 
variables to account for the presence of both the male and female household head, the 
presence of the female household head only, and the presence of the male household 
head only. 
 
                                                          
4 Store features include major and minor displays of merchandise. 
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Choice of Explanatory Variables and Expected Signs 
We include income as explanatory variable as typically a price gap exists 
between national brand and private label products. Additionally, according to Huang 
(2007), lower-income consumers are more price sensitive. We also expect income to 
have a negative impact on the choice of purchase of private label cheese products due to 
the findings of Dong and Kaiser (2005), where higher-income households selected 
higher-quality cheese products.  
According to Arnade et al. (2008), a greater level of education positively affected 
the purchase of top brand cheese products. The educational attainment of the head of the 
household then is expected to be negatively correlated to the probability of purchasing a 
private label product. 
Dong and Kaiser (2005) found that African-American and Hispanic households 
redeemed less coupons compared to Caucasian households, while no significant 
differences were found between Asian and Caucasian households. Since we are looking 
at the impact of couponing strategies, our analysis needs to account for the effect of race 
and ethnicity. We anticipate statistically significant differences among racial and 
ethnical groups when facing the same purchase choice. 
We expect household size to have a positive effect on the decision of purchasing 
private label products. According to Arnade et al. (2008), the volume of purchase at the 
household level had a negative and significant effect on the decision of purchasing the 
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leading brand products5. Dong and Kaiser (2005) found in their study that larger 
households chose lower-quality cheese products.  
Dong and Kaiser (2005) found that the variable on female head working outside 
home had a significant negative effect on the use of coupons. However, the gender effect 
on the purchase of private label products and the use of coupons has not been 
investigated in previous works. We expect households with no female household head to 
be less likely to purchase private label products or redeem coupons. 
The decision of buying a private label product also may depend on the strength 
of the loyalty toward national brands. Arnade et al. (2008) showed that brand inertia was 
relatively larger for cheddar and sliced cheese products especially in the Central and 
South regions.  We include location as an explanatory variable and expect households 
residing in the Central and South regions to be less likely to buy private label cheese 
products on average in light of previous evidence from the literature. 
The age of the household head was not often examined in previous studies. We 
expect younger household heads to exhibit higher probabilities of purchasing private 
label products. On the other hand, we expect older household heads to display more 
loyalty toward national brands. 
  
Probit Model 
Past research (Gendek and Neslin 1999) had established that promotion affected 
purchase event feedback, that is, the purchase of products which offer a coupon typically 
                                                          
5 Leading brands were defined as the six brands that accounted for 80% or more of purchase in each of the 
four U.S. regions. 
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induces the use of the coupon in subsequent purchases. Consequently, in our analysis an 
endogeneity problem occurs since the use of coupons not only affects the purchase 
decision but also the purchase decision affects future uses of the coupon. Dong and 
Kaiser (2005) also considered coupon redemption as endogenous in their estimation of 
U.S. household cheese demand. 
To deal with this issue, we assume that the explanatory variable, storecoupon6, is 
endogenous. This situation is illustrated by the following model specification:  
                                         
                                  , and  
                                               where 
 (.) is the indicator function taking the value one if the statement in the brackets is true 
and zero otherwise;   ,    and    are regression coefficients to be estimated, N indicates 
the standard bivariate normal distribution with correlation coefficient ρ, and    and    
are the respective disturbance terms. In Table 23, we define the set of variables used to 
estimate this model.    refers here to privatelbl, the purchase of a private label product, 
and    refers to the use of store coupon. Both are binary variables.    is the vector of 
explanatory variables for equation (15), and   is the vector of explanatory variables for 
equation (16).   contains the instrumental variables for equation (16) in addition to the 
elements of   .  
 
                                                          
6 See Table 23 for variable definitions, * are used as the reference category when estimating the model  
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Table 23. Definition of the Variables Used in the Model 
Variable 
Group 
Variable 
Name Type Definition 
    privatelbl Binary purchase of private label cheese product 
 ppoz Continuous unit value ($/Oz) 
 storecoupon Binary use of a store coupon during the transaction 
 manufcoupon Binary use of manufacturer coupon during the transaction 
 storefeat Binary use of store feature during the transaction 
    
Household hhinc0_25k Binary the income of the household head is under $25 K 
 Income hhinc25_50k Binary the income of the household head is between $25 K and $50K 
 hhinc50_100k Binary the income of the household head is between $50 K and $100K 
 hhinc100_over Binary* the income of the household head is over $100 K 
Household hhsize1 Binary the household consists of one person living alone 
Size hhsize2 Binary the household consists of 2 members 
 hhsize3 Binary the household consists of 3 members 
 hhsize4 Binary the household consists of 4 members 
 hhsize5 Binary the household consists of 5 members 
 hhsize6 Binary the household consists of 6 members 
 hhsize7 Binary the household consists of 7 members 
 hhsize8 Binary the household consists of 8 members 
 hhsize9over Binary* the household consists of 9 members or more 
Gender malhh Binary the household has no female household head  
 femhh Binary the household only has a female household head.  
 cplhh Binary* the household has both the female and the male household head 
Age age_und25 Binary the age of the household head is under 25 years 
 age_2535 Binary the age of the household head is between 25 and 35 years 
 age_3545 Binary the age of the household head is between 35 and 45 years 
 age_4555 Binary the age of the household head is between 45 and 55 years 
 age_5565 Binary the age of the household head is between 55 and 65 years 
 age_ovr65 Binary* the age of the household head is over 65 years 
Educational  edu_lesshs Binary the level of education of the household head is less than high 
school 
Attainment edu_hs Binary the household head has graduated from high school 
 edu_somecol Binary the household head attended some college courses 
 edu_colnmore Binary* the household head has graduated from college 
Race black Binary the household head is  African-American 
 white Binary the household head is  Caucasian 
 oriental Binary the household head is Asian 
 otherace Binary* the household head belong to other race 
Ethnicity hisp Binary the household head is Hispanic 
Region east Binary the household is from the Northeast region 
 south Binary the household is from the  South 
 west Binary the household is from the West region 
 central Binary* the household is from the Central region 
 yr2006 Binary the transaction occurs during the calendar year 2006 
    
Instrumental  grocery Binary the transaction was made at a grocery store 
variables fnotwork Binary the female head of the household is retired or unemployed 
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When ρ is zero, the model for    is the standard probit model but if     then 
   and    are correlated. When    and    are correlated, the estimation of the equation 
(15) is inconsistent for    and   . The instrument variables selected for equation (16) are 
grocery, a binary variable taking on the value of 1 when the transaction was made at a 
grocery store, and 0 otherwise, and fnotwork, a binary variable taking the value of 1 if 
the head of the household is retired or unemployed, and 0 otherwise (see Table 14). 
Usually, the female head is primarily responsible for food preparation, and people with 
more free time are more likely to spend time looking for and redeeming coupons.  
Consistent and asymptotically efficient parameter estimates are obtained by 
maximum likelihood estimation (MLE) of the bivariate probit model, based on a 
likelihood function consisting of the product of the individual contributions. The 
likelihood function is given as: 
                                                                  
         corresponds to the probability of the use of the store coupon obtained through 
the use of the probit model for   :        
                            
            
    . 
According to Wooldridge (2002) (p.478), the probability of the purchase of the 
private label product is given as: 
                                                   ; 
equation (20) may be rewritten as: 
                             
             
     
 
     
      
 
 
    
  . 
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Even though precise procedures for evaluation of this expression exist, they are 
often time consuming in an iterative optimization context. Furthermore, when ρ 
approaches one, numerical calculation of the integral often becomes intractable. Both 
drawbacks are avoided with the following approximation using the Heckit correction: 
                                                  
      
      
 , where 
the ratio     corresponds to the inverse Mill’s ratio.                then is 
approximated by  
                           
      
      
 . 
When conditioning on     , a similar approximation holds replacing     
by –        . 
                              
                    
            
       
                    
             
where               
      
      
   and                
      
        
 . 
Combining the four possible outcomes of (      , along with the probit model 
for   , and using the log transformation yields the log-likelihood function: 
                                                            
                                  
                                  
                                         . 
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This log-likelihood function is used in the estimation of our probit model. Hence, we 
employ a MLE estimation technique taking into account the endogeneity of store coupon 
redemption. 
 
Data 
The source of the data used in this analysis is the Nielsen Homescan Panel of 
U.S. households. Households constituting the panel used hand-held scanners to record 
purchase information, including date of purchase, universal product code (UPC), total 
expenditure, and quantities purchased. Cheese purchases are aggregated into 19 
categories each one referring to a different cheese variety, and purchase information was 
combined with a set of household demographic data. The sample size consists of 38,040 
households for calendar year 2005 and 36,923 households for calendar year 2006. 
In this study, we only focus on transactions where American processed sliced 
cheese had been bought. We use this information coupled with demographic information 
associated with each transaction to develop a pooled cross-sectional dataset. Therefore, 
the observation units in our analysis are not quantities aggregated by households and 
time periods. Each observation corresponds to a transaction where a private label or a 
national brand processed cheese is purchased. 
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Table 24. Descriptive Statistics Associated with the Explanatory Variables for 
Calendar Years 2005 and 2006 
    Total   Privatelbl=1   Privatelbl=0 
Transactions 272,370 
 
97,011 
 
175,359 
    Sum Mean   Sum Mean   Sum Mean 
ppoz 
  
0.176 
  
0.151 
  
0.190 
storecoupon 5,028 0.019 
 
1,670 0.017 
 
3,358 0.019 
manufcoupon 6,269 0.023 
 
228 0.002 
 
6,041 0.034 
storefeat 73,614 0.270 
 
27,594 0.284 
 
46,020 0.262 
hhinc0_25k 54,100 0.199 
 
22,375 0.231 
 
31,725 0.181 
hhinc25_50k 100,022 0.367 
 
37,287 0.384 
 
62,735 0.358 
hhinc50_100k 95,783 0.352 
 
31,258 0.322 
 
64,525 0.368 
hhinc100_over 22,465 0.083 
 
6,091 0.063 
 
16,374 0.093 
hhsize1 
 
39,412 0.145 
 
14,777 0.152 
 
24,635 0.141 
hhsize2 
 
106,652 0.392 
 
37,143 0.383 
 
69,509 0.396 
hhsize3 
 
48,890 0.180 
 
16,896 0.174 
 
31,994 0.182 
hhsize4 
 
47,413 0.174 
 
17,127 0.177 
 
30,286 0.173 
hhsize5 
 
19,471 0.072 
 
7,005 0.072 
 
12,466 0.071 
hhsize6 
 
6,851 0.025 
 
2,718 0.028 
 
4,133 0.024 
hhsize7 
 
2,111 0.008 
 
746 0.008 
 
1,365 0.008 
hhsize8 
 
1,032 0.004 
 
372 0.004 
 
660 0.004 
hhsize9over 538 0.002 
 
227 0.002 
 
311 0.002 
malhh 
 
18,696 0.069 
 
7,987 0.082 
 
10,709 0.061 
femhh 
 
49,392 0.181 
 
17,108 0.176 
 
32,284 0.184 
cplhh 
 
204,282 0.750 
 
71,916 0.741 
 
132,366 0.755 
age_under25 517 0.002 
 
191 0.002 
 
326 0.002 
age_2535 
 
19,466 0.072 
 
6,731 0.069 
 
12,735 0.073 
age_3545 
 
61,451 0.226 
 
21,308 0.220 
 
40,143 0.229 
age_4555 
 
77,493 0.285 
 
27,036 0.279 
 
50,457 0.288 
age_5565 
 
61,283 0.225 
 
21,857 0.225 
 
39,426 0.225 
age_over65 52,160 0.192 
 
19,888 0.205 
 
32,272 0.184 
edu_lesshs 13,175 0.048 
 
5,081 0.052 
 
8,094 0.046 
edu_hs 
 
86,799 0.319 
 
30,455 0.314 
 
56,344 0.321 
edu_somecol 86,921 0.319 
 
31,454 0.324 
 
55,467 0.316 
edu_colnmore 85,475 0.314 
 
30,021 0.310 
 
55,454 0.316 
black 
 
24,329 0.089 
 
7,997 0.082 
 
16,332 0.093 
white 
 
230,368 0.846 
 
83,271 0.858 
 
147,097 0.839 
oriental 
 
3,259 0.012 
 
1,014 0.011 
 
2,245 0.013 
otherace 
 
14,414 0.053 
 
4,729 0.049 
 
9,685 0.055 
hisp 
 
17,782 0.065 
 
5,776 0.060 
 
12,006 0.069 
east 
 
39,634 0.146 
 
15,281 0.158 
 
24,353 0.139 
central 
 
71,983 0.264 
 
26,273 0.271 
 
45,710 0.261 
south 
 
124,101 0.456 
 
41,244 0.425 
 
82,857 0.473 
west   36,652 0.135   14,213 0.147   22,439 0.128 
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As shown in Table 24, private label products represent 35.6% of all the sliced 
American cheese bought during calendar years 2005 and 2006. When store coupons 
were used to complete the transactions, households bought private label products in 
33.2% of the cases. However, when manufacturer coupons were used, they were mostly 
redeemed to acquire national brand cheese products (96.4%).  Promotional store features 
were more frequently used than the use of either store coupons or the use of 
manufacturer coupons. Over calendar years 2005 and 2006, 73,614 transactions involved 
a store feature, whereas only 5,028 transactions and 6,269 transactions involved the use 
of store coupons and the use of manufacturer coupons respectively. 
The majority of the households have incomes less than $100,000. Only 8.2% of 
the household heads had incomes over $100,000. The largest proportion of private label 
product is bought by households belonging to the two lowest income categories (under 
$50,000). 
Households are mostly distributed within the first four household size categories 
(1 to 4 members). Households with two members buy the highest proportion of the 
cheese products, 38.3% of the private label products and 39.6% of the national brand 
products. 
 Household heads aged between 35 and 65 years include more than 70% of the 
sample. The distribution of age is almost the same across the use of private label and 
national brand products. No difference in the distribution also is observed when 
considering the educational attainment of household heads in both categories of cheese 
purchases. 
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As shown in Table 24, Caucasians are represented in higher proportion when 
private label products are bought, 85.8% compared to 83.9% for the national brand 
transactions. The opposite occurs when observing Hispanics and African-Americans. 
Considering the location variables, we notice that a higher proportion of 
households buying private label products is located in the Northeast and the West region 
compared to households located in the South or Central regions. 
Prices are not observed directly in the dataset. An estimate of price, the unit 
value, is obtained by dividing reported expenditures, less any coupon value redeemed, 
by quantity purchased. 
When a private label transaction is made, the average price per ounce is 0.1512 
cents; when a transaction occurs for a national brand, the average price per ounce is 
0.1901 cents. Consequently, as expected, prices are higher for national brand 
transactions compared to private label transaction. This differential is about 0.04 cents 
per ounce. 
 
Estimation and Empirical Results 
The estimation of the probit model with a binary endogenous explanatory 
variable was performed using the software package Stata (version 10.1). An advantage 
of the MLE approach is that it makes use of the information in          ) and         
simultaneously7 and yields consistent parameter estimates and the correct standard 
errors, unlike two-step procedures. The Stata program used in the estimation of the 
                                                          
7          ) and         correspond to the density of    given   and  , and the density of    given  , 
respectively. 
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respective models is available from the author upon request. Table 25 shows the 
estimated parameters of the model, standard errors, the p-values, and the corresponding 
marginal effects. In Table 26, we provide joint tests of hypotheses associated with 
selected demographic variables. 
 
Marginal Effects 
The coefficients from the probit model allow the identification of statistically 
significant drivers associated with the probability of purchasing private label products. 
To obtain how the probability of purchasing private label products changes due to 
changes in the explanatory variables, we calculate the marginal effects      of 
explanatory variable j at observation i defined as: 
               
        
    
         , 
where       is the value of the probability density function at   .     is the linear 
combination of the product of the estimated coefficients and the corresponding values of 
the explanatory variables at observation i. In our analysis, we compute the marginal 
effects for all the covariates at their sample means. 
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Table 25. Estimation Results for the Probit Model of Purchase of Private Label 
Cheese Products for Calendar Years 2005 and 2006 
  Equation 1   Equation 2 
 
Privatelbl 
 
Storecoupon 
 
Estimated  Standard  p-value Marginal  
 
Estimated  Standard  p-value 
  Coefficient Error   Effect   Coefficient Error   
         ppoz -7.392 0.054 0.000 -2.675 
 
-13.633 0.164 0.000 
storecoupon -0.664 0.049 0.000 -0.240 
    manufcoupon -1.901 0.032 0.000 -0.688 
 
-6.387 248.443 0.979 
storefeat -0.085 0.006 0.000 -0.031 
 
-5.329 71.046 0.940 
hhinc0_25k 0.295 0.012 0.000 0.107 
 
-0.483 0.034 0.000 
hhinc25_50k 0.202 0.011 0.000 0.073 
 
-0.328 0.030 0.000 
hhinc50_100k 0.102 0.011 0.000 0.037 
 
-0.210 0.029 0.000 
hhsize1 -0.119 0.057 0.037 -0.043 
 
0.306 0.205 0.136 
hhsize2 -0.123 0.056 0.028 -0.045 
 
0.222 0.203 0.274 
hhsize3 -0.124 0.056 0.028 -0.045 
 
0.110 0.203 0.587 
hhsize4 -0.055 0.056 0.326 -0.020 
 
0.171 0.203 0.399 
hhsize5 -0.084 0.057 0.136 -0.031 
 
0.179 0.205 0.382 
hhsize6 0.006 0.058 0.921 0.002 
 
0.042 0.209 0.841 
hhsize7 -0.156 0.063 0.013 -0.056 
 
0.037 0.223 0.867 
hhsize8 -0.096 0.069 0.168 -0.035 
 
-0.270 0.263 0.304 
malhh 0.143 0.013 0.000 0.052 
 
-0.046 0.037 0.223 
femhh -0.068 0.009 0.000 -0.025 
 
0.023 0.028 0.405 
age_und25 -0.022 0.059 0.707 -0.008 
 
-0.072 0.219 0.742 
age_2535 -0.091 0.012 0.000 -0.033 
 
-0.054 0.038 0.156 
age_3545 -0.082 0.009 0.000 -0.030 
 
-0.080 0.029 0.005 
age_4555 -0.062 0.008 0.000 -0.022 
 
0.025 0.025 0.309 
age_5565 -0.026 0.008 0.002 -0.009 
 
0.032 0.024 0.175 
edu_lesshs -0.143 0.013 0.000 -0.052 
 
-0.350 0.040 0.000 
edu_hs -0.148 0.007 0.000 -0.054 
 
-0.007 0.020 0.721 
edu_somecol -0.054 0.007 0.000 -0.019 
 
-0.119 0.020 0.000 
black -0.027 0.017 0.111 -0.010 
 
0.163 0.056 0.004 
white 0.085 0.015 0.000 0.031 
 
0.319 0.049 0.000 
oriental -0.060 0.028 0.034 -0.022 
 
0.462 0.074 0.000 
hisp -0.049 0.013 0.000 -0.018 
 
-0.074 0.041 0.073 
east 0.234 0.009 0.000 0.085 
 
0.348 0.024 0.000 
south -0.066 0.006 0.000 -0.024 
 
-0.009 0.020 0.634 
west 0.285 0.009 0.000 0.103 
 
0.671 0.024 0.000 
yr2006 -0.048 0.005 0.000 -0.017 
 
0.118 0.015 0.000 
grocery 
     
1.199 0.028 0.000 
fnotwok 
     
0.049 0.018 0.007 
constant 
 
0.914 0.060 0.000 
  
-1.352 0.213 0.000 
    * -0.076 0.028 0.008 
     McFadden’s R2 0.140               
* The correlation coefficient of the error terms in equation (15) and equation (16) 
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Table 26. Chi-Squared Test Statistics for Selected Demographic Variables 
Variable Degrees 
 
p-value 
Groups of Freedom  Test Stat   
hhinc 3 805.50 0.000 
hhsize 8 129.62 0.000 
gender 2 328.91 0.000 
age 5 105.28 0.000 
education 3 487.98 0.000 
race 3 195.13 0.000 
region 3 2566.04 0.000 
 
 
Goodness of Fit 
As a goodness of fit measure, we use the likelihood ratio index also referred to as 
McFadden’s R2 . This statistic may be estimated as: 
              
    
        
       
,  
where        
 is defined as the log likelihood at iteration 0, and         
 is defined as 
the log likelihood at final iteration. According to our estimation results in Table 25, we 
obtain a McFadden’s R2 of .1389, typical for the use of probit analysis. 
 
Interpretation of Results 
Promotion using store coupons is found to have a significant negative effect on 
private label purchases. The presence of these coupons results, on average, in a reduction 
by 24 basis points in the probability of purchasing private label products.  This result 
suggests that store level couponing does not help to increase the purchase of private 
label products. In fact the opposite effect occurs. This result is due to the fact that not all 
store level coupons are used to promote the purchase of private label products. Actually 
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only 39.4% and 28.7% of store coupons redeemed respectively in 2005 and 2006 were 
used to purchase private label products, while the remaining store coupons were used to 
purchase national brand products. This result does not contradict the literature since 
Sethuraman and Mittelstaedt (1992) previously found that couponing activities related to 
private label products did not help to increase private label market share. 
As expected, couponing activities by national brand manufacturers are negatively 
related to private label purchases. The availability of manufacturer coupons reduces the 
probability of purchase of the private label product by 69 basis points. The price of 
cheese products also has a significant negative impact on the private label purchase 
decision. Since private label products often are characterized by lower prices, consumers 
are more willing to purchase national brand products when prices of cheese products 
increase, ceteris paribus. Promotional store features also had a negative impact on 
private label cheese purchases. This result is likely due to the fact that store features 
typically are used to boost national brand sales; only 36.9% of store feature activities 
concerned private label products in calendar year 2005, while 38% of store feature 
activities concerned private label products in calendar year 2006. 
The coefficient estimates for income dummy variables are jointly significant 
(Table 26) and show that the higher the income of the household head, the lower the 
probability for the household to purchase private label cheese products. This result 
confirms our assumption about the effect of household income based on previous 
studies.  
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Not all the coefficient estimates related to household size were found to be 
significant. Nonetheless, we reject the null hypothesis that they are jointly equal to zero 
(Table 26). As anticipated, we observe that the probability of purchase of private label 
products was positively related to the household size. 
We expected female household heads to be more willing to buy private label 
products. The opposite was revealed in this analysis. Households with no female 
household head were more likely to purchase private label processed cheese products 
compared to households with the presence of female household head. The absence of a 
female household head increased the probability of purchase of the private label product 
by 5 basis points compared to households where male and female heads are both present. 
The probability of purchasing private label products also was lower for households 
where only the female head was present compared to households with both male and 
female heads. 
The probability of purchasing private label cheese products increases with the 
age of the household head. This result contradicts our initial hypothesis that younger 
households would be more likely to buy private label products and that older households 
were more loyal to national brands.  
The educational attainment of the head of the household was expected to be 
negatively correlated to the probability of purchase of private label product, since 
previous studies (Arnade et al. 2008) found that greater levels of education positively 
affected the choice of the purchase of top brand cheese products. The opposite was 
revealed in our analysis. That is, the greater the education level of the household heads, 
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the more likely the purchase of private label products. Compared to household heads 
who are college graduates, household heads with some college had a lower probability 
of purchasing private label cheese products by roughly 2 basis points; for household 
heads with at most a high-school education, the probability was lower by 5 basis points. 
This result is perhaps due to the fact that educated individuals are more pragmatic in 
their purchase choices, more aware of the tradeoff between quality and price, and/or less 
sensitive to national brand promotional campaigns.  
As we expected, the probability of purchasing private label products was lower 
for African-Americans and Asians compared to Caucasian households. We also found 
that Hispanics are less likely to purchase private label cheese products than non-
Hispanics. On average, being of Hispanic origin reduces the probability of purchase of 
private label products by nearly 2 basis points. 
The coefficient estimates for location dummy variables are jointly significant and 
show that households from the Northeast and West regions had higher probabilities to 
purchase private label cheese products than households located in the Central or South 
regions. We anticipated this result based on the previous study by Arnade et al. (2008) 
showing that brand inertia was relatively larger in sliced cheese especially in the Central 
and South regions. 
The coefficient estimate for the binary variable yr2006, taking on the value of 1 
when the transaction occurs during the calendar year 2006, is negative and statistically 
significant. The probability of purchasing a private label product decreased on average 
by nearly 2 basis points in the calendar year 2006 compared with 2005, holding all other 
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variables constant. A decrease in the probability of purchase does not mean a decrease in 
quantities purchased; it just shows that controlling for all the variables in our model, the 
probability of purchasing private label processed cheese in 2005 and 2006 were 
statistically different. 
 
Prediction Success 
As shown in Table 27, the overall rate of correct prediction by our model is 
59.25%. However, this rate varies depending on the purchase decision outcome. The 
prediction success rate reaches 76% when predicting the purchase of private label 
processed cheese products, and drops to 50% when predicting the non-purchase of 
private label processed cheese products. The decision rule used to calculate these rates 
corresponded to the proportion of transactions corresponding to private label product 
purchases during the calendar years 2005 and 2006 instead of the 0.5 criterion often used 
(Park and Capps 1997; Briggeman 2002). As shown in Table 25, private label products 
represented 35.6% of all the sliced American cheese bought during 2005 and 2006. 
Therefore, the optimal value to use as the decision rule was 0.356. 
 
Table 27. Prediction Success Table* 
  Predicted   
Actual 0 1 Total 
0 87,670 87,689 175,359 
1 23,291 73,720 97,011 
Total 110,961 161,409 272,370 
 
*Cutoff is 0.356 (see Park and Capps (1997) and Briggeman (2002) for the justification of this cutoff value.) 
Bold values indicate correct predictions.  
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Model Validation 
We need to substantiate the appropriateness of the probit model with a binary 
endogenous explanatory variable to estimate the impact of retail promotion on the 
decision to purchase private label products. Simply put, we need to show that the binary 
variable storecoupon indeed was endogenous. The null hypothesis to be considered is 
       , where   is the correlation coefficient between the error terms in equation (15) 
and equation (16). From Table 25, we observe that even though its value is small           
(-0.076),   is still statistically significant with a p-value equal to 0.008. Consequently, 
we reject    at a 1% significance level. We conclude therefore that the variable 
storecoupon is endogenous. The estimation results also confirm that the instrumental 
variables used in the second equation to correct for the endogeneity issue are correlated 
to storecoupon. Both grocery and fnotwork have significant positive coefficient 
estimates, with respective p-values of 0.000 and 0.007. 
 
Conclusions 
Retail promotion using store coupons was found to have a significant negative 
effect on the private label purchase decision for processed cheese products. 
Consequently, store level couponing does not help to increase the purchase of private 
label products. This result was consistent with findings of Blattberg and Wisniewski 
(1989) and Sethuraman and  Mittelstaedt (1992) although different methodologies and 
products were used. We conclude then that the consumers of national brands are 
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unwilling to “trade down” to private label products even when they are promoted with 
store coupons. 
Although increasing store couponing has no impact on increasing private label 
purchases, we find a strong negative relationship between national brand manufacturer 
couponing activity and the decision to purchase private label processed cheese products. 
This finding is at odd with Sethuraman and  Mittelstaedt (1992) who found unexpectedly 
that national brand couponing activity was positively related to private label share. Our 
study shows that the opposite is true and that national brand couponing appears to be the 
most effective strategy for manufacturers to deter private label growth in the processed 
cheese market. Promotional store features can be used as well since it had a negative 
(but relatively small) impact on the decision to purchase private label processed cheese 
products. 
This research is the first to investigate promotion impacts on the purchase of 
private label products taking into consideration demographics. We show that the 
decision to purchase private label processed cheese products is influenced by a number 
of socio-demographic characteristics of the households. This valuable information could 
be used subsequently to prepare consumer profiles, identify better target markets, and to 
modify promotional strategies. Results show that income had a negative effect on the 
probability of making private label product purchases. Household size, age and 
education had positive effects on the likelihood of purchasing private label cheese 
products. Moreover, race and ethnicity influenced the decision to purchase private label 
products. We find that Hispanics, African-Americans and Asians are less likely to 
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purchase private label products compared to non-Hispanics and Caucasians respectively. 
This study also discussed the effect of household with female and male heads present, 
only female heads present, and only male heads present on the decision to purchase 
private label products. Households with only male heads present are more likely to buy 
private label cheese products compared to households with both male and female heads 
present. The opposite is observed concerning households with only female heads 
present.  
The next step for future research is to consider factors affecting the volume of 
processed cheese for private label and national brand products. This work serves as a 
logical extension not only to our analysis but also to the analysis of Dong and Kaiser 
(2005). The important distinction is the differentiation of private label and national brand 
products as well as the type of promotion activity, especially use of store coupons, 
manufacturer coupons, and store features. This work will benefit stakeholders engaged 
in the processed cheese industry. 
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CHAPTER IV 
EX-ANTE ANALYSIS OF THE FEASIBILITY OF FORTIFYING PROCESSED 
CHEESE WITH OMEGA-3 FATTY ACIDS 
 
Background 
Omega-3 fatty acids are essential fatty acids that must be supplied in the diet. 
Recently, there has been a dramatic surge in interest among public and health 
professionals alike, of the health effects associated with omega-3 fatty acids derived 
from fish consisting of Docosahexaenoic acid (DHA) and Eicosapentanoic acid (EPA). 
DHA is required in high levels in the brain and retina as a physiologically-essential 
nutrient to provide for optimal neuronal functioning (learning ability, mental 
development) and visual acuity, in young and old alike. According to Dr. Bruce Holub 
from the DHA/EPA Omega-3 Institute, DHA and EPA are considered to have beneficial 
effects in the prevention and management of cardiovascular disease, associated risk 
factors as well as other chronic disorders (http://www.dhaomega3.org). 
 
Types of Omega-3s 
The Omega-3 Centre Inc. reports two main types of omega-3s, shorter chain and 
long chain omega-3s. The long chain omega-3 fatty acids are very important to the 
development of the brain and eyes, for heart health, and for managing good health. 
109 
 
 
- Eicosapentanoic acid (EPA) is a long chain omega-3 fatty acid mainly found in oily 
fish. It is beneficial for reducing inflammation and helps managing and reducing the 
risk of heart disease. 
- Docosahexaenoic acid (DHA) is considered the most beneficial long chain omega-3. 
It is mainly found in oily fish and algal oil, and is especially important for brain 
growth and visual development of unborn babies. DHA also helps to manage and 
reduce the risk of heart disease.  
- Docosapentaenoic acid (DPA) is the main long chain omega-3 fatty acid found in lean 
red meat. DPA has been less well studied. However, the evidence available suggests 
that it has the same heart health benefits as EPA and DHA. 
- Alpha-linolenic acid (ALA) is a shorter chain omega-3, which is important for health, 
but poorly converted by our body into the more beneficial long chain omega-3s. This 
omega-3 fatty acid mainly is found in canola and linseed/flaxseed oils, green 
vegetables and soybeans. 
 
Benefits of Omega-3 Fatty Acids 
According to the Omega-3 Learning Consortium, based at the University of 
Connecticut, omega-3 fatty acids are not only critical at the early stage of life but also 
very important through the whole life cycle (pregnancy, infancy, childhood, adulthood 
and aging) due to their benefits associated with growth and development, coronary heart 
disease, high blood triglycerides, and chronic disease.  
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Growth and Development  
Omega-3 fatty acids are structural components of cells of the central nervous 
system. Therefore, they are essential nutrients for brain development. DHA is the 
principal omega-3 fatty acid essential for brain and neural development. Also, these fatty 
acids are important for retinal development of the eye for infants. 
 
Coronary Heart Disease (CHD) 
Long chain omega-3 fatty acids, DHA and EPA, decrease the risk of coronary 
heart disease (CHD) and ischemic heart disease (Yokoyama et al. 2007). They also have 
been shown to act as anti-arrhythmic agents (Lombardi and Terranova 2007). Several 
epidemiological studies examined dietary and other lifestyle factors that influence health 
outcomes. The Physician's Health Study found that consumption of one or more servings 
of fish per week was associated with a 52% lower risk of sudden cardiac disease 
compared to less than one fish meal per week. The Nurses’ Health Study in America 
reported that consumption of five or more servings of fish per week was associated with 
45% fewer cardiac deaths compared to consumption of one fish meal per month.  
 
High Blood Triglycerides 
The level of triglycerides in blood is positively associated with an increase in the 
risk of CHD. Both DHA and EPA appear to support cardiovascular health and lower 
blood triglyceride levels. The American Heart Association (AHA) carried out 
comprehensive reviews of fish and fish oil consumption and cardiovascular disease and 
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recommended that individuals with elevated blood triglyceride levels consume fish or 
take a fish oil supplement (Kris-Etherton et al. 2002). AHA recommends that individuals 
with CHD consume 1 gram of EPA and DHA per day. Those without CHD should 
consume two servings of fish per week. For patients who need to lower triglyceride 
levels, the AHA recommends 2-4 grams of EPA and DHA per day in supplemental 
form.   
 
Chronic Disease 
Omega-3 fatty acids are being investigated to determine whether they can 
effectively improve a wide range of disease states such as heart disease, diabetes, 
inflammation, depression, Alzheimer's and attention deficit disorder. 
Epidemiological studies on DHA and EPA suggest that there exists an inverse 
relationship of dietary intake with cognitive impairment and decline. Emerging evidence 
suggests that supplementation of the diet with DHA and EPA improves mental health in 
schizophrenic subjects and may improve cognitive function in patients with dementia. 
These studies support a role for omega-3s throughout the life cycle. Epidemiological 
studies also report that Omega-3 consumption may improve disease conditions 
associated with chronic inflammation and may help control inflammatory processes that 
contribute to disease (Goldberg and Katz 2007). Studies also show that populations 
consuming omega-3 fatty acids may experience a lower incidence of cancers (Mclean et 
al. 2006). 
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Dairy Food and Omega-3s 
While it has been shown that dietary omega-3 polyunsaturated fatty acids are 
important for health and development, it is difficult for most people to get enough 
through the diet alone since the most widely available source is cold water oily fish such 
as salmon which are not always consumed on a regular basis. Despite regular 
recommendations from various governmental and other health agencies for the public to 
increase their intakes of fish as a source of DHA and EPA, North Americans consume 
approximately only one fish serving every 7-10 days. The increased recognition of the 
importance of DHA in the diet, coupled with its limited availability in natural food 
sources, makes fortifying foods with DHA a noteworthy solution in closing the nutrition 
gap for better cardio-health and disease prevention/management. 
Recent reports have targeted dairy foods as having a high opportunity or 
potential for growth in the omega-3 fortification business. First, most dairy foods 
provide the minimal fat basis needed to more easily incorporate the omega-3 oils. 
Additionally, all dairy products share the image of “being good-for-you” given that they 
deliver essential nutrients to consumers. This choice also is justified by the existence in 
the market of several dairy products already carrying added health benefits (probiotics in 
yogurt) since this exposure is very important when looking for new opportunities to 
proliferate healthy functional food ingredients such as omega-3s. 
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Objectives 
The chief objective is to determine the effects of potentially fortifying processed 
cheese with omega-3 fatty acids on the profits of manufacturers. Fortification implies an 
additional cost of production for cheese processors. This ex-ante analysis takes into 
account the market conditions (demand and supply curves) and evaluates the increase in 
the demand for processed cheese needed to offset these costs of fortification in order to 
maintain the profitability of producers. 
To attain this goal, we need to estimate initially the demand for processed cheese 
products. Then, we determine the actual producer surplus considering the case of linear 
demand and supply functions. Finally, we establish by how much the demand for the 
new product (fortified cheese) would have to shift to the right so that the producer 
surplus remains the same after the fortification. That is, we determine the minimum 
demand increase required so that manufacturers would at least cover the marginal costs 
in producing omega-3 fortified cheese. 
 
Literature Review  
Several works have determined demand elasticities associated with cheese 
products. Some have investigated at-home cheese purchase behavior using cross-
sectional data (Gould 1992; Gould and Lin 1994), while others have used panel 
household data (Gould, Cornick and Cox 1994; Schmit et al. 2002; Schmit et al. 2003).  
Gould (1992) used a Tobit approach to estimate a purchase-infrequency model 
for cheese using the 1987 BLS Consumer Expenditure Survey. As explanatory variables, 
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this analysis employed annual household income, race, location, and family size and 
composition through the construction of a dairy adult equivalent scale variable for 
cheese. Gould found that income and location were not a significant driver of cheese 
consumption, and that African-American households consumed less cheese. The number 
of dairy adult equivalents present in the household positively affected the probability of 
purchase but at a decreasing rate. 
 Gould, Cornick and Cox (1994) used a generalized Tobit system estimator to 
address the censored nature of cheese expenditures and to identify consumers of 
reduced-fat cheese consumers. They used household expenditure data to estimate Engel 
curves for reduced and full-fat varieties of three cheese types and quantify differences in 
the demand structure. This study used an additional set of variables, compared to Gould 
(1992), to explain the variation in cheese consumption: single households, education 
attainment, ethnicity, and region of residence (8 regions). Three cheese varieties were 
considered, natural American, processed American, and cottage. The coefficient of the 
variable Hispanic was found to be statistically significant and negative for all full-fat 
cheese varieties. Two thirds of the full-fat cheese regional coefficients were statistically 
significant, compared with less than 42% for the reduced-fat varieties. According to this 
study, households located in the Pacific region consumed significantly less full-fat 
natural and processed American cheese than most of the other regions. The authors also 
found a negative relationship between single households and cheese consumption for 
five of the six cheese varieties considered. Income significantly impacted expenditures 
on all cheese categories. 
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Gould and Lin (1994) used a Heckman sample selection model to obtain at-home 
demand function parameter estimates for several cheese varieties. They examined factors 
affecting the demand for cheese in the United States using an adult equivalent scale 
variable for cheese to quantify the relationship between age/gender distribution of 
household members and cheese consumption. Their model differed from the previously 
mentioned studies by employing new explanatory variables: cheese prices, age of meal 
planners, the extent of market work by the meal planner, and the lack of children under 
18.  In this study, they analyzed four cheese categories, natural American cheese, other 
natural cheese, American and other processed cheese, and processed snack. Imputations 
were made for missing prices. No differences were found among cheese consumption 
across the regions, and relatively lower cheese consumption within African-American 
and Asian households was explained by the great incidence of lactose intolerance among 
these populations. Evaluated at mean values of the dependent and explanatory variables, 
the own-price elasticity was estimated to be -0.57 for aggregate cheese demand. Except 
for American and other processed cheese category, all coefficients implied elastic price 
responses. The own-price elasticity for processed cheese was estimated to be -0.70. 
To identify the effects of generic advertising on the household demand for 
cheese, Schmit et al. (2002) applied a two-step model with sample selection to panel 
data of U.S. households. According to the authors, this model had accounted for sample-
selection bias, unobserved household heterogeneity, and temporal correlation. Their 
approach extended the traditional two-step approach to panel data by providing 
consistent estimates of the dichotomous purchase decision and avoiding the evaluation 
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of multi-dimensional integrals. The procedure was similar to the two-step censored 
demand system approach of Shonkwiler and Yen (1999), where the first stage is 
represented by single equation probit models followed by a second stage system 
estimation procedure accounting for cross-equation correlation for fluid milk (whole, 
low fat, and skim) and cheese (American, Mozzarella, processed, and other). The 
unconditional price elasticities were inelastic for both aggregate milk and aggregate 
cheese, -0.24 and -0.65 respectively, but elastic for all cheese subcategories. 
Schmit et al. (2003) insisted that the method used above was unique in that it not 
only allowed for the use of simulated probability techniques to solve high-order integrals 
but also partitioned the data into smaller components to reduce the order of integration. 
This approach allowed for analysis of longer time periods, increased accuracy and 
reduced computing time. To evaluate differences in response to advertising, cheese 
purchases were disaggregated into two subcategories: natural and processed cheese. This 
analysis accounted for double income households and also for seasonality by including 
dummy variables. The unconditional elasticities for both cheese subcategories were 
found to be inelastic, with natural cheese exhibiting higher price sensitivity, -0.53, 
compared to -0.36 for processed cheese. 
Kim et al. (2008) used the mixed logit model to estimate demand in the U.S. 
processed cheese market and determine pass-through rates of cost changes under 
different behavioral regimes. According to the authors, this model provided greater 
flexibility in substitution patterns. In the logit model, the curvature of demand system 
(the second derivatives) is determined by functional form assumptions, whereas in the 
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mixed logit model, the curvature depends on the empirical distribution of consumers. 
Kim et al. affirmed that this property is important for obtaining accurate estimates of 
cost pass-through rates. Own and cross-price elasticities were estimated for the 10 
leading processed cheese brands in the United States. The elasticities based on the 
estimates of the mixed logit model varied between -3.67 and -7.35 depending on the 
brand. These elasticity values are very high compared to previous works on cheese 
demand. This result is due to the use of specific brands in this analysis instead of 
aggregated cheese categories. When considering brands, consumers have at all times the 
opportunity to switch to competing brands, which explains the very elastic demand 
revealed in this study. 
Davis et al. (2010) examined retail purchase data for 12 dairy products and 
margarine from the Nielsen 2007 Homescan data. A censored demand system used by 
Dong et al. (2004) and based on a variation of the Amemiya-Tobin framework was 
employed to estimate the demand elasticities and the impacts of selected demographic 
and socioeconomic variables on the demand for the respective products. In this study the 
uncompensated own price elasticity for processed cheese products was estimated to be -
0.99. 
This review of previous work related to cheese demand showed that there is no a 
unique value for the own-price elasticity for processed cheese demand. The elasticity for 
aggregated processed cheese ranged between -0.36 and -0.99. The variation in the 
estimated elasticities is attributed to the difference in the nature of data used and also in 
the economic model estimated.  
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Description of the Economic Model 
Given the nature of household data used, zero-purchase observations are 
expected, requiring the use of econometric approaches accounting for censoring. One-
step decision models, such as the tobit, imply simultaneity of the decision to consume as 
well as consumption amounts. Schmit et al.  (2002) and previous works argued that food 
consumption decisions should be modeled as a two-stage decision process where not 
only are the decisions separate, but also the determinants of each decision may differ. 
The general two-step process is typically represented by a first-stage dichotomous choice 
model focusing on the purchase decision. Then a second-stage consumption model using 
only purchase observations is augmented with an additional variable such as the inverse 
Mill's ratio (IMR) to control for selection bias. 
As shown by Wooldridge (2002), under assumptions that allow for an 
unobserved effect in the underlying selection equation, adding the IMR to the equation 
and using fixed effects estimation does not produce consistent estimators; that is, we 
cannot use the standard Heckman selectivity correction when analyzing household panel 
data. Instead, Wooldridge (2005) suggests to estimate first a probit model for each time 
period and save the corresponding IMRs, and next, to run a pooled OLS regression using 
the selected sample and including the IMRs coupled with time dummies as interaction 
terms. When using this model, Wooldridge stated that the asymptotic variance of the 
coefficient estimates needs to be corrected for general heteroskedasticity and serial 
correlation. 
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The panel sample selection model with random effects used in our analysis is 
discussed by Greene (2002). It was developed following the same approach using the 
Heckman selectivity correction (1979) as presented by Verbeek (1990), Zabel (1992) 
and Verbeek and Nijman (1992). Since this model is not fit by a two-step least squares 
procedure but instead using a simulated maximum likelihood procedure, there is no IMR 
variable created or used during the estimation. 
This method of maximum likelihood consists in simulating rather than 
computing high dimensional integrals in the likelihood function. According to Arias and 
Cox (1999), using probability simulation methods allows model estimation without 
relying on the use of quite strong simplifying assumptions pertaining to either the 
structure of the model (aggregation to avoid censoring issue) or the disturbance terms of 
the model. The idea behind probability simulation methods is that since the integrals of 
interests are probabilities of a certain event in a random process, we can simulate that 
random process and use the empirical probability of the event as an approximation to the 
value of the integral of interest. The structural equations are: 
Censoring mechanism (Decision to purchase)  
  
                                                                               
                                                                            
   
Corrected Regression  (Amount to purchase)  
                                                                       
           
    refers to the quantity of American processed cheese purchased by household i during 
month t, and     is a binary variable referring to the purchase of American processed 
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cheese by household i in month t.     and      are the vectors of explanatory variables 
for equation (28) and (30) respectively. 
The random effects, (  ,   ) are assumed to follow a bivariate normal distribution 
with zero means, standard deviations    and   , and with correlation θ. The selectivity 
comes through the correlation of the unique components,     and    , and also the 
correlation of the group specific components,    and   . 
Zabel (1992) suggests that with this random effects approach, the group effects 
are likely to be correlated with the included variables, and proposed to include the group 
means of the variables in the models to circumvent this potential problem. The modified 
specification then is given by 
                                                                                          
                                                              ,                  
 
Profitability of Fortification with Omega-3s  
After estimating the demand for American processed cheese, we need to 
calculate the producer surplus for the industry and to determine by how much the 
demand for this cheese would have to increase so that manufacturers would at least 
cover their marginal costs in producing omega-3 fortified cheese.  
In the calculations, we assume both the demand and the supply functions are 
linear and that the shift in supply due to the change in fixed and marginal costs is a 
parallel shift. We also assume that the shift in demand is not only parallel but also to the 
right due the health benefits associated with omega-3 fatty acids. 
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         : Demand 
        : Supply 
      :  Equilibrium condition 
In Figure 4, we graphically portray this situation. 
 
 
 
Figure 4. Demand and Supply Relationship before Fortification 
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After fortification, as illustrated in Figure 5, we have  
           : Demand 
          : Supply 
 
 
 
Figure 5. Demand and Supply Relationship after Fortification 
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Figure 6. Demand and Supply Relationship after Fortification, Detailed 
 
Let us determine the producer surplus before and after the fortification, 
respectively PS1 and PS2 
At the equilibrium we have           
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Following the same procedure we have      
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To determine by how much the demand for the American processed cheese 
would have to increase so that the manufacturers would at least cover their marginal 
costs in producing omega-3 fortified cheese, we set      equal to 0 and we solve for    : 
The change in producer surplus is given by 
      
      
    
   
      
    
     
 
        
       
 
      
      
 
    
 
        
       
 
  
  
  
Solving the second degree equation 
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All these parameters are known. α and c are the demand equation parameters, slope and 
intercept respectively, β and d are the supply function parameters, respectively the slope 
and the intercept,  and d’ is related to the shift in the supply function due to the increase 
in the marginal cost. 
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According to Figure 6, we determine d’ as           
    
     where           
and     is the change in the marginal cost of production due to the fortification. 
Then 
(36)                                               
          
    
Graphically we can see that the shift in demand could be determined as 
                           where    
 
 
   and            
Then                                         
Therefore, the percentage shift in demand necessary to at least offset the marginal costs 
of producing omega-3 fortified cheese is 
                                                 
                    
 
          
 
Data 
The source of the data used in this analysis is the Nielsen Homescan Panel of 
U.S. households. Households constituting the panel used hand-held scanners to record 
purchase information, including date of purchase, UPC code, total expenditure and 
quantities purchased. Cheese purchase information was combined with a set of 
household demographic data. The sample size consists of 38,040 households for 
calendar year 2005, the most recent dataset available at the time of this study.  
Cheese purchases are aggregated into 19 categories each one referring to a 
different cheese variety. In this study, we chose to consider the purchase information 
concerning processed cheese categories since legally a natural cheese would no longer 
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be labeled as natural if it was fortified. Processed cheese varieties included in the dataset 
and considered in this study are: American sliced, remaining slices, snack, loaves, and 
cream cheese. Therefore we only focus on transactions where any of these cheese 
products had been bought. The quantities purchased and expenditures are then 
aggregated by household on a monthly basis. We ended up with a panel data structure 
with 426,504 observations, 35,542 households and 12 monthly purchase periods. 
In the extent literature, demographic factors affect the demand for cheese 
products. In our analysis, we use demographic factors such as annual household income, 
age of female household head, educational attainment and employment status as 
explanatory variables. Household income was found to have a significant positive effect 
on the purchase of cheese product (Gould and Lin 1994; Schmit et al. 2003) but a 
significant negative effect when considering only processed cheese (Gould et al. 1994). 
The impact of the educational attainment of the household head was found significant as 
well (Gould et al. 1994; Davis et al. 2010). Gould and Lin (1994) included several 
variables related to the female head employment status in the cheese demand model. 
Meal planners working over 35 hours per week had a significant negative effect on the 
amount of cheese purchased per household, compared to those not working for pay. 
We also consider household composition variables, such as household size, and 
the distribution of the age/presence of children. These same variables or their variation 
were used in estimating the demand for cheese products in several studies (Gould and 
Lin 1994; Schmit et al. 2003; Davis et al. 2010). Dichotomous regional, race/ethnicity 
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and monthly variables are included to control for geographic, race-related and seasonal 
variations in cheese purchase patterns. (See Table 28)  
 
Table 28. Definition of Variables Used in the Model 
Variable 
Group Variable Name Type Definition 
    
 
PPOZinit Cont. unit value ($/Oz) observed before imputation 
 
PPOZ2 Cont unit value ($/Oz) after imputation for all observations 
 
storecoupon Binary use of a store coupon during the transaction 
 
manufcoupon Binary use of manufacturer coupon during the transaction 
 
storefeat Binary use of store feature during the transaction 
 
otherdeal Binary use of other promotion deal 
    Household  hhinc0_25k Binary income of the household head is under $25 K 
Income hhinc25_50k Binary income of the household head is between $25 K and $50K 
 
hhinc50_100k Binary income of the household head is between $50 K and $100K 
 
hhinc100_over Binary* income of the household head is over $100 K 
Household  hhsize1 Binary household consists of one person living alone 
Size hhsize2 Binary household consists of 2 members 
 
hhsize3 Binary household consists of 3 members 
 
hhsize4 Binary household consists of 4 members 
 
hhsize5 Binary household consists of 5 members 
 
hhsize6 Binary household consists of 6 members 
 
hhsize7 Binary household consists of 7 members 
 
hhsize8 Binary household consists of 8 members 
 
hhsize9over Binary* household consists of 9 members or more 
Age  age_und25 Binary age of the household head is under 25 years 
 
age_2535 Binary age of the household head is between 25 and 35 years 
 
age_3545 Binary age of the household head is between 35 and 45 years 
 
age_4555 Binary age of the household head is between 45 and 55 years 
 
age_5565 Binary age of the household head is between 55 and 65 years 
 
age_ovr65 Binary* age of the household head is over 65 years 
Educational   edu_lesshs Binary level of education of household head is less than high school  
Attainment edu_hs Binary household head has graduated from high school 
 
edu_somecol Binary household head attended some college courses 
  edu_colnmore Binary* household head has graduated from college 
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Table 28. Continued 
Variable 
Group Variable Name Type Definition 
    Race Black Binary household head is  African-American 
 
White Binary household head is  Caucasian 
 
oriental Binary household head is Asian 
 
otherace Binary* the household head belong to other race 
Ethnicity Hisp Binary household head is Hispanic 
Region East Binary  household is from the Northeast region 
 
South Binary  household is from the  South 
 
West Binary* household is from the West region 
 
central Binary household is from the Central region 
 
kid_und6_1317 Binary households has children belonging to both age  
   
categories "under 6 yo" and "between 13 and 17 yo" 
 
kid_612_1317 Binary households has children belonging to both age  
   
categories "between 6 and 12 yo" and "between 13 and 17 yo" 
 
kidund6_612_1317 Binary* households has children belonging to the 3 age categories  
   
under 6 yo, "between 6 and 12 yo" and "between 13 and 17 yo" 
 
kid_no_und18 Binary household has no children under 18 years old 
Seasonality M01 Binary transaction has occurred in January 
 
M02 Binary transaction has occurred in February 
 
M03 Binary transaction has occurred in March 
 
M04 Binary transaction has occurred in April 
 
M05 Binary transaction has occurred in May 
 
M06 Binary transaction has occurred in June 
 
M07* Binary transaction has occurred in July 
 
M08 Binary transaction has occurred in August 
 
M09 Binary transaction has occurred in September 
 
M10 Binary transaction has occurred in October 
 
M11 Binary transaction has occurred in November 
  M12 Binary transaction has occurred in December 
 
 
Price Imputation 
Prices are not observed directly in the panel data. An estimate of price, the unit 
value, is obtained by dividing reported expenditures, less any coupon value redeemed, 
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by quantity purchased. A number of alternative approaches are considered in the 
literature to obtain estimates of unobserved cheese prices during non-purchase periods. 
In this analysis, we impute prices for non-purchase observations for each household 
using a regression model of the logarithm of price on regional dummy variables, 
monthly dummy variables, household income category variables, and promotion 
variables (the dollar value of the coupon and the store feature discount). 
 
Table 29. Price Imputation Equation for Processed Cheese Products 
Variables** Estimated  Standard  p-value 
  Coefficient Error   
    east -0.104 0.002 0.000 
central -0.201 0.002 0.000 
south -0.213 0.002 0.000 
m1 0.016 0.003 0.000 
m3 -0.023 0.003 0.000 
m4 0.006 0.003 0.071 
m5 0.008 0.003 0.014 
m6 -0.019 0.003 0.000 
m7 -0.008 0.003 0.011 
m8 -0.001 0.003 0.790 
m9 -0.005 0.003 0.098 
m10 -0.004 0.003 0.226 
m11 -0.054 0.003 0.000 
m12 -0.042 0.003 0.000 
hhinc0_25k -0.160 0.003 0.000 
hhinc25_50k -0.133 0.002 0.000 
hhinc50_100k -0.087 0.002 0.000 
storecpn -0.023 0.003 0.000 
manucpn 0.087 0.003 0.000 
storefeat -0.154 0.002 0.000 
otherdeal -0.086 0.007 0.000 
constant -1.365 0.003 0.000 
    Adjusted R2 0.075     
** The dependent variable is lnPPOZ, the natural logarithm of the variable PPOZinit. In this regression the 
promotion variables (last category) are not dummy variable as in the other models estimated in this study.  
 
130 
 
 
The estimation of the regression model used to impute prices employed 
transactions where processed cheese products were purchased as observation units 
(367,516 observations). The adjusted R2 value was 0.075 and all variable categories 
were jointly significant at the 1% significance level. According to the price imputation 
results presented in Table 29, processed cheese products are more expensive in the West 
than any other region; in the South region, processed cheese products are the cheapest. 
We notice also the existence of a seasonality effect since some of the coefficient 
estimates related to monthly dummies are significant at the 1% significance level, with 
February as reference category. The income variables, included to account for quality, 
are jointly significant at the 1% significance level. The higher the household income the 
more expensive the purchased cheese products are. According to our results, households 
with an annual income below $25,000 purchase processed cheese products that are 16 
¢/oz cheaper, on average, than those bought by households with incomes exceeding 
$100,000. All promotion types included in the estimation except for manufacturer 
coupons have a significant negative effect on the price of processed cheese product. A 
$1 store coupon decreases the price of processed cheese products by 2.3¢/oz on average. 
 
Estimation and Empirical Results 
Estimating the Demand for Processed Cheese Products 
The estimation of our model of censored demand with random effects was 
performed using the software package Limdep (version 8.0). As mentioned previously, 
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we adopted the simulated maximum likelihood (SML) approach that provides a practical 
alternative to numerical evaluation of the probability integrals. 
In Table 30 the estimated parameters, standard errors and the p-values of the first 
equation of our model are exhibited. Equation (28) provides information on variables 
influencing the decision to purchase processed cheese products. Equation (30) allows the 
identification of statistically significant drivers associated with how much of processed 
cheese to buy.  The estimated parameters, standard errors and p-values of the 
explanatory variables associated with equation (30) are given below as well. 
 
Decision to Purchase Processed Cheese 
According to Table 30, the coefficient estimates for location dummy variables 
are jointly significant and show that households from the South and West regions have 
higher probabilities to purchase processed cheese products than households located in 
the Central or East regions. Households from the South have the highest probability to 
purchase processed cheese products and households from the East show the lowest 
probability to purchase. 
The coefficient estimates for income dummy variables are jointly significant and 
show that all income categories have a higher probability to purchase processed cheese 
products than the reference category, households with annual incomes of the household 
head exceeding $100,000. 
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Table 30. Estimated Parameters, Standard Errors and p-Values for the Decision to 
Purchase 
Variable Coefficient 
Standard 
Error p-value 
     PPOZ2 -1.413 0.055 0.000 
 East   -1.135 0.017 0.000 
 Central -0.376 0.017 0.000 
 South   0.216 0.016 0.000 
 HHinc0_25k 0.747 0.021 0.000 
 HHinc25_50k 0.197 0.015 0.000 
 HHinc50_100k 1.335 0.020 0.000 
 HHsize1  0.030 0.402 0.940 
 HHsize2 -1.435 0.400 0.000 
 HHsize3 -0.860 0.400 0.032 
 HHsize4 -1.063 0.399 0.008 
 HHsize5 -0.938 0.400 0.019 
 HHsize6 -0.585 0.400 0.144 
 HHsize7 -1.209 0.401 0.003 
 HHsize8 -0.271 -0.271 0.507 
 Kid_und6 0.357 0.062 0.000 
 Kid_612  -0.206 0.053 0.000 
 Kid_1317 0.313 0.054 0.000 
 Kid_und6_612 0.079 0.055 0.152 
Kid_und6_1317 -0.583 0.068 0.000 
 Kid_612_1317 -0.138 0.051 0.007 
 Kid_no_und18 0.239 0.054 0.000 
 Emp_und35 0.069 0.014 0.000 
 Emp_ovr35 0.365 0.012 0.000 
 Edu_lesshs -0.196 0.022 0.000 
 Edu_hs 0.236 0.014 0.000 
 Edu_somecol 0.149 0.013 0.000 
 White    1.844 0.022 0.000 
 Black    1.504 0.030 0.000 
 Oriental 0.292 0.028 0.000 
 Hispanic -0.150 0.019 0.000 
 M01     -0.122 0.029 0.000 
 M02      0.073 0.035 0.038 
 M03 -0.001 0.031 0.962 
 M04 -0.036 0.030 0.227 
 M05 0.163 0.035 0.000 
 M06 -0.197 0.027 0.000 
 M08    -0.032 0.034 0.357 
 M09     -0.132 0.029 0.000 
 M10 -0.273 0.027 0.000 
 M11 -0.277 0.026 0.000 
 M12 0.124 0.029 0.000 
constant 1.132 0.009 0.000 
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Not all the coefficient estimates related to household size were found to be 
significant. However, we observe that the probability of purchase of processed cheese 
products is positively related to household size in most of the cases. 
Female heads employed for under 35 hours and over 35 hours per week have a 
higher probability, 7% and 36% respectively, to purchase a processed cheese product 
compared to households where the female head is not employed for pay. Both 
coefficients are significant at the 1% significance level. 
The probability of the purchase of processed cheese products is significantly 
affected by the educational attainment of the household head at the 1% significance 
level. For household heads without a high-school diploma, the probability of purchasing 
processed cheese products is the lowest compared to the other categories. For other 
households, we found that the greater the education level of the household head, the less 
likely the purchase of processed cheese products.  
African-American and Caucasian households were found to be more likely to 
buy processed cheese products than Oriental households and households of other races. 
Caucasian households have the highest probability to purchase processed cheese 
products compared to the reference category, non-Caucasian, non-African-American and 
non-oriental households. 
The probability of purchasing processed cheese products is significantly affected 
by seasonality. Depending on the month, households would be more or less likely to buy 
processed cheese compared the purchasing in the reference month July. December and 
May showed the highest probability to purchase processed cheese products, while 
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October and November were months with the lowest probabilities to purchase processed 
cheese products. 
 
Demand for Processed Cheese Products  
According to the results of the estimation of the demand of processed cheese 
presented in Table 31, the price of cheese has a significant negative coefficient estimate 
of -46.69 meaning that an increase of the price of processed cheese of 10¢ leads to a 
decrease in the quantity purchased of 4.67 ounces per month on average. Knowing that 
the average monthly quantity purchased by households for calendar year 2005 was 13.6 
ounces and that the average unit value was 20 ¢/oz, then the own-price elasticity for the 
processed cheese was computed to be -0.68. This value is very close to previous studies 
mentioned above. The extant literature elasticities for aggregated processed cheese 
ranged between -0.36 and -0.99. 
All the types of promotion included in our model have statistically significant 
positive effect on the quantity purchased of processed cheese. The presence of 
manufacturer coupons increases the quantity purchased on average by 9.12 oz, store 
coupons by 8.66 oz on average, and store features (including major and minor displays) 
by 7.19 oz on average.  
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Table 31. Estimated Parameters, Standard Errors and p-Values for the Processed 
Cheese Demand Equation 
Variable Coefficient Standard Error p-value 
    PPOZinit -46.692 0.514 0.000 
 Storecpn 8.666 0.233 0.000 
 Manucpn 9.123 0.159 0.000 
 Storefeat 7.191 0.079 0.000 
 Otherdeal 8.893 0.352 0.000 
 East   -0.530 0.137 0.000 
 Central 1.282 0.125 0.000 
 South   1.707 0.116 0.000 
 HHinc0_25k -0.347 0.168 0.039 
 HHinc25_50k 0.102 0.140 0.466 
 HHinc50_100k -0.844 0.134 0.000 
 HHsize1  -18.863 0.908 0.000 
 HHsize2 -13.746 0.901 0.000 
 HHsize3 -9.873 0.900 0.000 
 HHsize4 -6.178 0.897 0.000 
 HHsize5 -1.142 0.895 0.202 
 HHsize6 0.882 0.903 0.329 
 HHsize7 6.074 0.962 0.000 
 HHsize8 4.390 1.116 0.000 
 Age_2535 -4.863 0.799 0.000 
 Age_3545 -5.615 0.795 0.000 
 Age_4565 -4.792 0.793 0.000 
 Age_ovr65 -7.827 0.797 0.000 
 Kid_und6 -3.654 0.453 0.000 
 Kid_612  -0.720 0.386 0.062 
 Kid_1317 -1.766 0.390 0.000 
 Kid_und6_612 -5.477 0.426 0.000 
Kid_und6_1317 -1.228 0.605 0.042 
 Kid_612_1317 -0.054 0.382 0.887 
 Kid_no_und18 1.385 0.393 0.000 
 Emp_und35 -1.744 0.123 0.000 
 Emp_ovr35 -0.016 0.093 0.866 
 Edu_lesshs 2.054 0.196 0.000 
 Edu_hs 0.704 0.104 0.000 
 Edu_somecol 1.187 0.095 0.000 
 White    -0.271 0.228 0.234 
 Black    -5.294 0.272 0.000 
 Oriental -2.628 0.379 0.000 
 Hispanic -2.970 0.211 0.000 
 
 
136 
 
 
Table 31. Continued 
Variable Coefficient Standard Error p-value 
     M01     0.241 0.244 0.324 
 M02      -1.212 0.248 0.000 
 M03 -0.337 0.244 0.168 
 M04 0.169 0.255 0.508 
 M05 0.188 0.249 0.450 
 M06 0.072 0.245 0.769 
 M08    -0.843 0.252 0.001 
 M09     -0.671 0.247 0.007 
 M10 -0.609 0.247 0.014 
 M11 1.434 0.226 0.000 
 M12 4.498 0.216 0.000 
constant 14.159 0.028 0.000 
 
 
The coefficient estimates for location dummy variables are jointly significant and 
show that households from the East region purchase less processed cheese than 
households from the West region (0.5 oz/month less), and households located in the 
Central or South regions purchase 1.3 and 1.7 oz more processed cheese per month than 
households from the West region. 
Only the coefficient estimate associated with an annual income between 50,000 
and $100,000 was statistically significant at the 1% level. On average, households 
belonging to this category purchase 0.8 oz/month less processed cheese products than 
households with incomes exceeding $100,000.  
Most of the coefficient estimates related to household size were found to be 
significant. We observe that the quantity purchased of processed cheese is positively 
related to household size.  
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Compared to the reference category, households with a female head under 25 
years old, all the other age categories purchase significantly less processed cheese. 
Households with a female head over 65 years old purchase the smallest amount of 
processed cheese, 7.8 oz per month less than households with female heads under the 
age of 25.  
Age and presence of children are significant determinants of the purchase of 
processed cheese. Households with chidren under 6 years old and households only with 
children aged between 13 and 17 purchase less processed cheese than the reference 
category; the reference category is a household with at least one child under 6 years old, 
at least one child between 6 and 12 years old, and at least one child between 13 and 17 
years old.  According to the results in Table 31, households with no children under 18 
years old purchase more processed cheese products relative to the reference category. On 
average, households without children under the age of 18 purchase 1.4 oz/month more 
processed cheese than reference households. 
Households with a female head working under 35 hours a week purchase on 
average 1.7 oz per month less than households where the female head is not employed 
for pay. The coefficient estimate for households with female head working over 35 hours 
a week is not statistically significant, meaning that these households purchase 
statistically the same amount of processed cheese as households with female head not 
employed for pay.  
The quantity of processed cheese purchased is significantly affected by the 
educational attainment of the head of the household. Household heads with some 
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college, high school diploma or less than high school education purchase more processed 
cheese compared to household heads who are college graduates. Household heads with 
less than high school education level is the category with the highest coefficient, 
purchasing on average 2 oz per month more than household heads that are college 
graduates. This result confirms Gould et al. (1994) and Davis et al. findings where 
college variable had a significant negative effect on processed cheese demand. 
The quantity of processed cheese product purchased was lower for African-
Americans and Asians compared to households belonging to other races. We also found 
that Hispanics purchase less processed cheese products than non-Hispanics, roughly 3 
oz/month less on average. This finding might be explained by eating habits and the 
prevalent consumption of natural cheeses within this population. 
To account for seasonality we included dummy variables for each month with 
July as the reference month. There is indeed a statistically significant seasonal effect 
associated with processed cheese product purchases. More processed cheese products are 
purchased during November and December compared to other months. On average, each 
household purchased at least 4 oz more in December than the quantity of processed 
cheese purchased during almost any other month (the only exception being November). 
This finding could be explained by the fact that this period corresponds to the 
Thanksgiving and Christmas holidays. 
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Comparison of Explanatory Variables Effects 
The elements affecting the decision of buying (or not buying) a processed cheese 
product are slightly different from the variables affecting the quantity of processed 
cheese products purchased. 
Looking at both equations, we noticed that both coefficient estimates for the East 
and the South regions have the same sign whether in equation 28 or in equation 30. 
However, households belonging to the Central region behave differently. While equation 
28 indicates that Central region households have, on average, a higher probability to buy 
a processed cheese product than households from the West region, the monthly 
quantities purchased by a household are on average higher in the West region than in the 
Central region. 
In the selection equation (equation 28), all coefficient estimates for income 
variables were statistically significant at the 1% significance level but only households 
with income between $50,000 and $100,000 had a statistically significant coefficient 
estimate in equation 30. According to the estimation of equation 28, these households 
are more likely to purchase processed cheese products than households with an annual 
income exceeding $100,000, however, the quantities purchased would be smaller 
(opposite sign in equation 30). 
While household size matters in deciding the quantity of processed cheese 
products purchased, according to the demand equation 30, the opposite result occurred 
when investigating the probabilities of purchase. Most of the dummy variables related to 
household size turned out to be not statistically significant at 1% significance level. 
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The probability of the purchase of processed cheese is significantly affected by 
the educational attainment of the head of the household at the 1% significance level. 
Compared to the results from equation 30, we notice that household heads with some 
college education exhibit the same behavior in both equations, a higher probability to 
purchase processed cheese products and higher purchased quantities on average 
compared to household heads that are college graduates. The other two categories 
exhibit a different behavior since in the case of household heads with less than a high 
school diploma, the coefficient estimates have opposite signs in the two equations and in 
the other case the magnitudes are different compared to households with some college 
education. 
According to equation 28, Hispanic households are less likely to purchase 
processed cheese products than non-Hispanics. This result is consistent with the demand 
equation results where we found that Hispanic households purchase fewer quantities of 
processed cheese products. 
Seasonality patterns are different when deciding to purchase processed cheese 
compared to when deciding how much to purchase. Most coefficient estimates for the 
dummy variables standing for different months of the year showed different signs and 
statistical significance comparing equation 28 and 30 estimates. However, for one 
month, December, households showed the exact same behavior whether at the moment 
of deciding to buy or not to buy processed cheese products or when deciding the quantity 
amounts to purchase. In December, the probability of purchasing processed cheese 
products is among the highest, and households are willing to purchase more quantity too. 
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Random Effects 
 The random effects in our model (  ,   ) are assumed to be bivariate normally 
distributed with zero means. Results showed that both standard deviations    and    are 
statistically significant at the 1% significance level. Their values are 14.16 and 1.13 
respectively. Indeed there is a group effect due to each household specificity. In this 
study selectivity comes through the correlation of     in equation 1 and     in equation 
30. The two disturbance terms were highly correlated with                       . 
 
Evaluation of the Fortification with Omega-3s 
The objective of this section is to determine by how much the demand for 
processed cheese products would have to increase so that the manufacturers would at 
least cover their marginal costs in producing omega-3 fortified cheese. 
According to equation (37) the required percentage shift in demand is given by: 
              
                    
 
      
where                    
To solve for this percentage we need to know the values of the parameters  
          .  α and c are the demand equation parameters, slope and intercept 
respectively, β and d are the supply function parameters, respectively the slope and the 
intercept,  and d’ is related to the shift in the supply function due to the increase in the 
marginal cost. 
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Demand Parameters 
In the previous section we estimate the demand equation for processed cheese 
products. The slope   is the coefficient estimate of the variable PPOZ (unit value). 
According to our estimation this coefficient estimate is -46.69. Then           . 
To determine the intercept c we use the mean value of the quantity variable and the 
mean value of the price value. We have              ,             , and     
             
Then                  or           . 
 
Supply Parameters 
To our knowledge, no current information on the supply function of processed 
cheese products is available in the extant literature. In this study we use different supply 
parameters   and  , standing for different values of the own price elasticity of supply   .  
The values we chose for    range from 0.001 (extremely inelastic) to 10 (very elastic), 
accounting for the short run and the long-run impacts of the change in marginal cost of 
production.  
To estimate the potential shift in demand we need to feed our program the values 
of β and d. However, since we consider in our study an elasticity approach, only the 
parameter β can be derived from    and we need to impose values for the parameter d.  
To investigate the impact of imposing the intercept d, we performed a sensitivity 
test using different values of d and measuring the effects on the final outcome. As Table 
32 shows, if we keep the change in marginal cost ΔMC and the elasticity of supply    
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constant, imposing any value of d did not produce any change in the percentage change 
in demand needed, meaning that imposing d does not impact our final results.    
 
Table 32. Testing for Changes in Demand Shift Related to Change in Supply 
Intercept d 
 
ΔMC Es β d % Change in Demand  
0.03 0.003 0.2 5 3.3279 
0.03 0.003 0.2 10 3.3279 
0.03 0.003 0.2 15 3.3279 
0.03 0.003 0.2 20 3.3279 
0.03 0.1 6 20 0.0221 
0.03 0.1 6 15 0.0221 
0.03 0.1 6 10 0.0221 
0.03 0.1 6 5 0.0221 
0.03 0.5 34.5 5 0.0038 
0.03 0.5 34.5 10 0.0038 
0.03 0.5 34.5 15 0.0038 
0.03 0.5 34.5 20 0.0038 
0.03 3 204.6 -5 0.0006 
0.03 3 204.6 -10 0.0006 
0.03 3 204.6 -20 0.0006 
0.03 3 204.6 -30 0.0006 
0.2 0.003 0.2 5 22.1858 
0.2 0.003 0.2 20 22.1858 
0.2 0.5 34.5 5 0.0252 
0.2 0.5 34.5 20 0.0252 
0.2 3 204.6 -5 0.0043 
0.2 3 204.6 -30 0.0043 
 
 
Change in Cost of Production Parameters 
According to Adam Ismail, Executive Director of the Global Organization for 
EPA and DHA Omega-3 (GOED), a not-for-profit trade association focused on growing 
the markets for EPA and DHA products, the fixed costs for implementing a fortification 
production process are negligible and the only marginal cost that need to be accounted 
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for is Omega-3 purchase since no further equipment is needed. Ismail also mentioned 
that usually manufacturers have a rule of thumb when considering fortifying their 
products. The marginal cost should not exceed 2 cents per serving. 
Considering a processed cheese product, American sliced cheese, we determined 
the quantity of cheese considered as serving. For the chosen product, each slice of 
cheese is considered as one serving. The pack has 8 slices for 6 oz, which mean that a 
serving of cheese is 0.75 oz. Then the reasonable change in marginal cost of production 
would be 2 cents per 0.75 oz or approximately 3 cents per ounce.                 . 
In our application we choose different values of     and evaluate the impact of 
changing     on the profitability of fortifying process cheese products with omega-3. 
Since         
          
    and   ,      and   are known by now, we can determine 
the value of   , compute the percentage shift in demand necessary to offset the extra 
costs of production and then decide if the fortification project is profitable.  
In this study the values of     ranged from 1¢ to 20¢/oz, the last value being 
the average price of processed cheese product per oz in our dataset. It is the extreme case 
when the fortification results in a 100% increase in the price of the product. 
 
Change in Demand Offsetting Fortification Costs 
According to the results in Table 33, in most cases the shift in demand needed to 
offset the extra cost due to the fortification is negligible. Apart from cases of very 
inelastic supply or very high change in the marginal cost, the fortification of processed 
cheese with Omega-3 turned to be a viable diversification strategy for the American 
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processed cheese industry. In the results Table PS1 stands for the value of producer 
surplus before fortification, PS2’ refers to what would have been the producer surplus if 
no shift in demand takes place, and ΔPS represents the loss in producer surplus incurred 
with no potential shift in demand. 
 
Table 33. Change in the Shift in Demand Due to Change in Marginal Cost and 
Elasticity of Supply 
ΔMC Es β % Change Demand PS1 PS2' ΔPS*** 
       0.01 0.001 0.07 9.3762 735.9160 714.5150 -21.4010 
 
0.005 0.34 0.3953 149.4000 148.4909 -0.9091 
 
0.01 0.68 0.1132 76.0790 75.8179 -0.2611 
 
0.05 3.41 0.0133 17.3676 17.3366 -0.0310 
 
0.1 6.82 0.0064 9.9573 9.9422 -0.0151 
 
0.2 13.64 0.0032 6.1325 6.1251 -0.0074 
 
0.3 20.46 0.0021 4.7586 4.7539 -0.0048 
 
0.4 27.28 0.0016 4.0072 4.0038 -0.0034 
 
0.5 34.10 0.0013 3.5126 3.5100 -0.0026 
 
0.6 40.92 0.0011 3.1522 3.1501 -0.0021 
 
0.7 47.74 0.0009 2.8726 2.8708 -0.0017 
 
0.8 54.56 0.0008 2.6464 2.6450 -0.0014 
 
0.9 61.38 0.0007 2.4581 2.4569 -0.0012 
 
1 68.20 0.0006 1.3640 1.3632 -0.0008 
 
3 204.60 0.0002 0.4216 0.4215 -0.0001 
 
5 341.00 0.0001 0.4039 0.4039 -0.0001 
 
10 682.00 0.0001 0.2812 0.2812 0.0000 
0.03 0.001 0.07 28.1286 735.9160 672.6604 -63.2556 
 
0.005 0.34 1.1860 149.4000 146.6810 -2.7191 
 
0.01 0.68 0.3397 76.0790 75.2971 -0.7818 
 
0.05 3.41 0.0399 17.3676 17.2747 -0.0929 
 
0.1 6.82 0.0193 9.9573 9.9121 -0.0452 
 
0.2 13.64 0.0096 6.1325 6.1104 -0.0221 
 
0.3 20.46 0.0064 4.7586 4.7444 -0.0142 
 
0.4 27.28 0.0048 4.0072 3.9969 -0.0103 
 
0.5 34.10 0.0038 3.5126 3.5048 -0.0079 
  0.6 40.92 0.0032 3.1522 3.1459 -0.0063 
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Table 33. Continued 
ΔMC Es β % Change Demand PS1 PS2' ΔPS*** 
       0.03 0.7 47.74 0.0027 2.8726 2.8674 -0.0051 
 
0.8 54.56 0.0024 2.6464 2.6421 -0.0043 
 
0.9 61.38 0.0021 2.4581 2.4544 -0.0037 
 
1 68.20 0.0019 1.3640 1.3616 -0.0024 
 
3 204.60 0.0006 0.4216 0.4212 -0.0004 
 
5 341.00 0.0004 0.4039 0.4038 -0.0002 
 
10 682.00 0.0002 0.2812 0.2811 -0.0001 
0.05 0.001 0.07 46.8810 735.9160 632.0689 -103.8470 
 
0.005 0.34 1.9767 149.4000 144.8821 -4.5179 
 
0.01 0.68 0.5661 76.0790 74.7782 -1.3008 
 
0.05 3.41 0.0665 17.3676 17.2130 -0.1546 
 
0.1 6.82 0.0322 9.9573 9.8821 -0.0752 
 
0.2 13.64 0.0160 6.1325 6.0957 -0.0367 
 
0.3 20.46 0.0106 4.7586 4.7349 -0.0237 
 
0.4 27.28 0.0080 4.0072 3.9901 -0.0171 
 
0.5 34.10 0.0064 3.5126 3.4995 -0.0131 
 
0.6 40.92 0.0053 3.1522 3.1417 -0.0105 
 
0.7 47.74 0.0046 2.8726 2.8640 -0.0086 
 
0.8 54.56 0.0040 2.6464 2.6392 -0.0072 
 
0.9 61.38 0.0035 2.4581 2.4520 -0.0061 
 
1 68.20 0.0032 1.3640 1.3599 -0.0041 
 
3 204.60 0.0011 0.4216 0.4210 -0.0006 
 
5 341.00 0.0006 0.4039 0.4036 -0.0003 
 
10 682.00 0.0003 0.2812 0.2811 -0.0001 
0.07 0.001 0.07 65.6334 735.9160 592.7406 -143.1750 
 
0.005 0.34 2.7674 149.4000 143.0944 -6.3056 
 
0.01 0.68 0.7926 76.0790 74.2610 -1.8180 
 
0.05 3.41 0.0931 17.3676 17.1513 -0.2163 
 
0.1 6.82 0.0451 9.9573 9.8521 -0.1052 
 
0.2 13.64 0.0224 6.1325 6.0811 -0.0514 
 
0.3 20.46 0.0149 4.7586 4.7254 -0.0332 
 
0.4 27.28 0.0112 4.0072 3.9833 -0.0239 
 
0.5 34.10 0.0089 3.5126 3.4943 -0.0184 
 
0.6 40.92 0.0074 3.1522 3.1376 -0.0146 
 
0.7 47.74 0.0064 2.8726 2.8606 -0.0120 
 
0.8 54.56 0.0056 2.6464 2.6364 -0.0101 
  0.9 61.38 0.0050 2.4581 2.4495 -0.0086 
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Table 33. Continued 
ΔMC Es β % Change Demand PS1 PS2' ΔPS*** 
       0.07 1 68.20 0.0045 1.3640 1.3583 -0.0057 
 
3 204.60 0.0015 0.4216 0.4208 -0.0008 
 
5 341.00 0.0009 0.4039 0.4035 -0.0004 
 
10 682.00 0.0004 0.2812 0.2810 -0.0001 
0.1 0.001 0.07 93.7621 735.9160 536.1165 -199.8000 
 
0.005 0.34 3.9534 149.4000 140.4336 -8.9664 
 
0.01 0.68 1.1323 76.0790 73.4886 -2.5904 
 
0.05 3.41 0.1330 17.3676 17.0590 -0.3086 
 
0.1 6.82 0.0645 9.9573 9.8072 -0.1501 
 
0.2 13.64 0.0320 6.1325 6.0591 -0.0734 
 
0.3 20.46 0.0213 4.7586 4.7112 -0.0474 
 
0.4 27.28 0.0160 4.0072 3.9731 -0.0342 
 
0.5 34.10 0.0128 3.5126 3.4864 -0.0262 
 
0.6 40.92 0.0106 3.1522 3.1313 -0.0209 
 
0.7 47.74 0.0091 2.8726 2.8554 -0.0171 
 
0.8 54.56 0.0080 2.6464 2.6321 -0.0144 
 
0.9 61.38 0.0071 2.4581 2.4459 -0.0122 
 
1 68.20 0.0064 1.3640 1.3559 -0.0081 
 
3 204.60 0.0021 0.4216 0.4204 -0.0012 
 
5 341.00 0.0013 0.4039 0.4034 -0.0006 
 
10 682.00 0.0006 0.2812 0.2810 -0.0002 
0.15 0.001 0.07 140.6431 735.9160 448.0588 -287.8570 
 
0.005 0.34 5.9300 149.4000 136.0545 -13.3455 
 
0.01 0.68 1.6984 76.0790 72.2102 -3.8688 
 
0.05 3.41 0.1995 17.3676 16.9058 -0.4618 
 
0.1 6.82 0.0967 9.9573 9.7325 -0.2248 
 
0.2 13.64 0.0480 6.1325 6.0226 -0.1099 
 
0.3 20.46 0.0319 4.7586 4.6876 -0.0710 
 
0.4 27.28 0.0239 4.0072 3.9560 -0.0512 
 
0.5 34.10 0.0191 3.5126 3.4734 -0.0393 
 
0.6 40.92 0.0160 3.1522 3.1209 -0.0313 
 
0.7 47.74 0.0137 2.8726 2.8469 -0.0257 
 
0.8 54.56 0.0120 2.6464 2.6249 -0.0215 
 
0.9 61.38 0.0106 2.4581 2.4398 -0.0183 
 
1 68.20 0.0096 1.3640 1.3518 -0.0122 
 
3 204.60 0.0032 0.4216 0.4198 -0.0018 
  5 341.00 0.0019 0.4039 0.4031 -0.0009 
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Table 33. Continued 
ΔMC Es β % Change Demand PS1 PS2' ΔPS*** 
       0.15 10 682.00 0.0010 0.2812 0.2809 -0.0003 
0.2 0.001 0.07 187.5241 735.9160 367.8957 -368.0200 
 
0.005 0.34 7.9067 149.4000 131.7447 -17.6553 
 
0.01 0.68 2.2646 76.0790 70.9431 -5.1359 
 
0.05 3.41 0.2659 17.3676 16.7532 -0.6144 
 
0.1 6.82 0.1290 9.9573 9.6582 -0.2991 
 
0.2 13.64 0.0640 6.1325 5.9862 -0.1463 
 
0.3 20.46 0.0426 4.7586 4.6641 -0.0945 
 
0.4 27.28 0.0319 4.0072 3.9390 -0.0682 
 
0.5 34.10 0.0255 3.5126 3.4603 -0.0523 
 
0.6 40.92 0.0213 3.1522 3.1105 -0.0417 
 
0.7 47.74 0.0182 2.8726 2.8383 -0.0342 
 
0.8 54.56 0.0160 2.6464 2.6177 -0.0287 
 
0.9 61.38 0.0142 2.4581 2.4337 -0.0244 
 
1 68.20 0.0128 1.3640 1.3478 -0.0162 
 
3 204.60 0.0043 0.4216 0.4192 -0.0024 
 
5 341.00 0.0026 0.4039 0.4028 -0.0012 
 10 682.00 0.0013 0.2812 0.2808 -0.0004 
*** PS1 stands for the value of producer surplus before fortification, PS2’ refers to what would have been 
the producer surplus if no shift in demand takes place, and ΔPS represents the loss in producer surplus 
incurred with no potential shift in demand. 
 
 For ΔMC= 0.01$/oz, in the very short run, when the supply is very inelastic 
(Es=0.001), the shift needed in demand is 9.37%. In our opinion, this value is too high to 
meet even knowing all the benefits that the fortification with Omega-3 would bring to 
consumers. However, the moment we move toward more reasonable values of the 
elasticity of supply, the shift in demand needed diminishes making the fortification 
process feasible from the standpoint of maintaining producer profits. When Es=0.1, this 
value drops to 0.006% and for Es=0.6 the shift in demand needed barely exceeds 
0.001%. According to our findings, the more elastic the supply, the less the demand for 
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processed cheese products needs to shift to the right in order to cancel out the 
fortification costs. The fortification is not likely a viable option only in extreme cases 
when the supply is very inelastic.  
Increasing the change in marginal cost due to fortification leads to an increase of 
the percentage shift in demand needed to make the fortification strategy viable for 
producers. We observe that when ΔMC= 0.03$/oz instead of the initial value of 0.01, all 
demand shift values corresponding to different supply elasticity sittings increased 
considerably. However the shift value are still very small, 0.34% for Es=0.01, 0.005% 
for Es=0.4, and 0.002% for Es=1, making the fortification very profitable for the 
manufacturers in the short and the long run. As before, we notice that the shift in 
demand needed decreases with the increase of the elasticity of supply value, making the 
fortification process more attractive at the long run. The same results are obtained when 
choosing very high changes in marginal cost due to fortification. When ΔMC= 0.2$/oz, 
which is the average price of processed cheese, meaning that the fortification induces on 
average 100% increase in the price of processed cheese, we are still observing the same 
pattern. Even with this considerably high cost, we can still say that the fortification could 
be beneficial to both consumers and producers since at reasonable values of elasticity of 
supply, the demand shift needed is still manageable.  
 
 Change in Demand Parameters 
To push our analysis further, we decided to investigate the impact of fortification 
with omega-3 on the producer surplus and product profitability for demand elasticity 
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values other than the one estimated for processed cheese products in this study. We 
allow the demand elasticity to vary and we compute the shift in demand needed to offset 
the increase in marginal cost for different values of supply elasticity and marginal cost.  
In Table 34 we show results concerning own-price elasticity of demand values 
that we might come across when estimating demand for processed cheese products we 
chose the values of -0.4, -0.68 (outcome of our estimation), -0.8, and -1.2. We 
investigate the impact of the change of the demand elasticity on the demand shift needed 
to offset change in the marginal cost, using ΔMC of 0.03 and 0.1 and an elasticity of 
supply ranging from 0.005 to 1. 
Results indicate that whatever the change in marginal cost and the elasticity of 
supply are, the increase in the elasticity of demand value produces a decrease in the 
percentage change in demand needed to offset the change in marginal cost of production 
due to fortification. When the ΔMC= 0.03 and Es= 0.005 for example, the shift in 
demand needed is 1.82% for an own-price elasticity of demand of -0.4, however the shift 
needed drops to 0.68% when the elasticity of demand is -0.8 and drops to 0.45% when 
the demand is inelastic with Ed= -1.2. 
For the range of own-price elasticities of demand investigated, the shift in 
demand needed to offset the extra marginal cost due to fortification never exceeded 2%. 
This finding makes fortification of processed cheese a feasible and attractive option for 
manufacturers to diversify their product line and maintain profitability attributed to the 
image of healthier food product. 
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Table 34. Change in the Shift of Demand Due to the Change in the Elasticity of 
Demand 
ΔMC Es β d Ed α c % Change  Demand 
        0.03 0.005 0.341 10 -0.4 -27.28 15 1.816 
    
-0.6846 -46.69 22.978 1.186 
    
-0.8 -54.56 40 0.6813 
    
-1.2 -81.84 60 0.4543 
 
0.1 6.82 10 -0.4 -27.28 15 0.0296 
    
-0.6846 -46.69 22.978 0.0193 
    
-0.8 -54.56 40 0.0111 
    
-1.2 -81.84 60 0.0074 
 
0.3 20.46 10 -0.4 -27.28 15 0.0098 
    
-0.6846 -46.69 22.978 0.0064 
    
-0.8 -54.56 40 0.0037 
    
-1.2 -81.84 60 0.0024 
 
0.6 40.92 10 -0.4 -27.28 15 0.0049 
    
-0.6846 -46.69 22.978 0.0032 
    
-0.8 -54.56 40 0.0018 
    
-1.2 -81.84 60 0.0012 
 
1 68.2 0 -0.4 -27.28 15 0.0029 
    
-0.6846 -46.69 22.978 0.0019 
    
-0.8 -54.56 40 0.0011 
    
-1.2 -81.84 60 0.0007 
0.1 0.3 20.46 10 -0.4 -27.28 15 0.0326 
    
-0.6846 -46.69 22.978 0.0213 
    
-0.8 -54.56 40 0.0122 
        -1.2 -81.84 60 0.0082 
 
 
Conclusions 
In this study, we investigated the feasibility of fortifying processed cheese with 
omega-3. We first estimated the demand for processed cheese products and then used 
this estimation to determine the profitability of manufacturing such product. Estimating 
the censored demand for processed cheese products using panel data allowed us to 
determine which socio- demographic factors influence not only the decision of 
purchasing a processed cheese but also which factors affect the quantity of product to 
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purchase. Our model allowed us to distinguish between these two behaviors 
differentiating our analysis from those using a tobit model for example.  
The analysis of the impacts of fortification on producer profits showed that, in 
most of the cases, the fortification of processed cheese products with omega-3 is 
profitable to manufacturers. Within reasonable market conditions, realistic values of 
elasticity of demand and supply, and likely marginal costs due to the fortification 
process, the values by how much the demand for the new fortified product would have to 
shift so that the change in producer surplus equal the incremental costs of fortification 
are relatively very small. Therefore, fortification of processed cheese products with 
omega-3 fatty acids can occur without any loss in producer profits, subject to minimal 
shifts in the demand for processed cheese. 
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CHAPTER V 
SUMMARY, RECOMMENDATIONS AND FUTURE RESEARCH 
 
Summary and Recommendations 
Cheese consumption in the United States has steadily grown over the last decade 
and is expected to continue growing over the years. This growth has brought a high 
differentiation into the cheese market and the creation of market segments where 
knowledge of the way economic and demographic factors influence household demands 
became extremely important. 
In this dissertation, we first estimated the household demand for 14 
disaggregated cheese varieties. These varieties were categorized as natural cheeses 
(Mozzarella, Colbi, Cheddar, Swiss, and remaining natural), processed cheeses (slices, 
loaves, snacks, and cream cheese), or belonging to other cheese category (Ricotta, 
grated, specialty/imported, shredded, and cottage cheese). Results showed that some 
cheese varieties share the same characteristics within their respective categories but in 
the same time each variety demand is very differentiable depending on the economic or 
socio-demographic factor considered. 
 We found that demands for most natural cheese varieties generally are elastic 
while most processed cheese varieties revealed inelastic demands. Hence to increase 
total revenue, manufacturers and retailers need to adopt different pricing strategies 
depending on the cheese variety. For a variety such as cream cheese, to increase total 
revenue, the prices need to be raised, however, for products such as Mozzarella, the 
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opposite needs to be done. The cross-price elasticities for different cheese varieties also 
were determined. This information is crucial when making pricing decisions and 
forecasting market dynamics. The magnitude and sign of these elasticities determine the 
way the demand for a certain cheese product is affected by the price of another cheese 
variety. Products such as Swiss cheese, Colby or specialty/imported cheese products 
showed a high number of substitutes, meaning that their managers have to pay close 
attention to these substitute prices since any decrease would mean less sales for their 
own products and any increase in their prices would imply an opportunity to sell more. 
Products such as processed slices, in which demand analysis did not reveal any 
significant substitute, and cottage cheese, in which demand estimation revealed only one 
substitute and one complement, suggest different marketing approaches. For these 
products, other cheese variety prices does not have a notable impact on the demand; 
therefore, manufacturers and retailers should focus more on the intrinsic product 
attributes and other non-price factors such as socio-demographic characteristics and how 
they influence consumer preferences. 
Household income had a positive effect on most of the cheese varieties 
considered. All cheese varieties are normal goods except processed slices. Income 
affected cheese varieties differently. Changes in household income affected more the 
purchase of natural cheese and specialty/imported cheese products, while changes in 
household income did not impact at all the demand for cheese loaves. Other 
demographic factors also had a positive effect on almost all cheese varieties such as 
household size, education attainment of household head and race. Ethnicity (Hispanic) 
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affected negatively the demand for all processed cheese varieties and some natural 
cheeses also such as Cheddar and Swiss cheese; however, being Hispanic had a positive 
impact on quantities purchased of Mozzarella, the remaining natural cheese, and 
specialty/imported varieties. Most of the 14 cheese varieties revealed higher purchases 
during the fourth quarter; however, this same quarter showed the lowest quantities 
purchased by household when considering Mozzarella products and processed slices. 
This information, coupled with advertising lagged effects is very valuable to producers 
and marketers when deciding on any sales or promotion strategies. Generic dairy 
advertising expenditures impacted cheese variety demands differently, but had 
significant impact on cheese demand mostly in the contemporaneous and the 2-lag 
quarters. Results showed the generic advertising had the greatest effect on the demand of 
Colby and processed slices and no significant effect on the demand of Ricotta products. 
Demand for cheese varieties differed by regions as well. Natural cheese varieties were 
purchased more in the West region whereas the processed varieties showed high 
purchased volumes in the South. Grated cheese showed almost no variation through the 
four regions considered. 
We succeeded in characterizing the demand for all cheese varieties and we 
demonstrated that these 14 cheese varieties are very differentiable. Results from this 
study should be used by cheese manufacturers and marketers while implementing new or 
revising currently marketing strategies or considering the development of new products 
targeted to specific households. 
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In the second essay, we investigate promotion impacts on the purchase of private 
label products taking into consideration demographics. Although increasing store 
couponing has no impact on increasing private label cheese purchases, this study 
revealed a strong negative relationship between national brand manufacturer couponing 
activity and the decision to purchase private label processed cheese products. Therefore, 
national brand couponing appears to be the most effective strategy for manufacturers to 
deter private label growth in the processed cheese market. 
The decision to purchase private label processed cheese products was influenced 
several household socio-demographic characteristics. Household income had a negative 
effect on the probability of making private label product purchases, while household 
size, age and education of household head had a positive effect. Hispanics, African-
Americans and Oriental households were less likely to purchase private label products 
compared to non-Hispanics and Caucasians households. National brand and private label 
cheese product managers and marketers could use these findings to prepare consumer 
profiles, identify better target markets, and to modify promotional strategies accordingly. 
In the third essay, we examined the feasibility of fortifying processed cheese with 
omega-3 fatty acids. To determine the profitability of manufacturing such product, the 
censored demand for processed cheese products using panel data had to be estimated 
first. The analysis of the impacts of fortification on producer profits showed that the 
fortification of processed cheese products with omega-3 is profitable to manufacturers. 
Within reasonable market conditions and fortification marginal costs, the values by how 
much the new fortified product demand would have to shift so that the change in 
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producer surplus equals the incremental costs of fortification were found to be very 
small. Consequently, the fortification of processed cheese is a feasible and attractive 
option for manufacturers to diversify their product line and maintain profitability 
attributed to the image of healthier food product. 
 
Prospects for Future Research 
The next step for further research related the first essay would be to estimate a 
demand system instead of single equations accounting for the panel nature of data and 
the censoring issue. This step would be a logical extension to our analysis where 
advantage could be taken from the system’s parameter restrictions. Another extension 
would be the use of more recent data and investigate the potential changes in demand 
over the past five years. For future efforts, it may be worthwhile to use more specific 
cheese advertising expenditures instead of the generic dairy advertising expenditures 
used in this study. Further research also could consider the price of complements outside 
the cheese industry, such as wine, when considering the demand for natural cheese 
products, and pasta when investigating the demand for Italian cheese varieties. 
For the second essay, a logical extension would be to consider not only the 
factors affecting the decision to purchase private label products but the volume of 
processed cheese purchased as well. Further research could also consider different 
cheese variety instead of processed sliced cheese products and compare the impact of 
promotion activity, especially use of store coupons, manufacturer coupons, and store 
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features on the demand or the decision to purchase private label products belonging to 
different cheese varieties. 
The third essay considered the fortification from the producer perspective. Future 
research could investigate the impact of fortification with omega-3 fatty acid on the 
demand from the consumer perspective. This objective could be achieved by employing 
a wiliness-to-pay study, possibly through the use of an experimental auctions approach.
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APPENDIX A 
 
 
 In the first essay, we impute prices for non-purchase observations for each 
household using 14 regression models of the logarithm transformation of cheese variety 
prices on regional dummy variables, the year of purchase, seasonal variation (quarterly 
based dummies), household income to account for quality, the nature of product (private 
label or national brand), and the type of channel or retailer (grocery store, drugstore, 
mass merchandiser supercenter, club, convenience store or other).  Details of the 
regression results associated with prices of the 14 cheese varieties, and the 3 aggregate 
cheese categories are presented below:  
 
         
                                   
                                                    
                   
 
1. Mozzarella 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |   -.185298   .0036918   -50.19   0.000     -.192534    -.178062 
     central |   -.070563   .0034652   -20.36   0.000    -.0773547   -.0637713 
       south |  -.0320724   .0032814    -9.77   0.000    -.0385039   -.0256408 
      yr2006 |   -.011901   .0024128    -4.93   0.000    -.0166301   -.0071719 
          Q1 |   .0393911    .003428    11.49   0.000     .0326723      .04611 
          Q2 |   .0308029   .0034222     9.00   0.000     .0240954    .0375104 
          Q3 |   .0492118   .0034067    14.45   0.000     .0425346     .055889 
     grocery |   .2563658   .0075475    33.97   0.000     .2415728    .2711589 
        drug |     .37705   .0176609    21.35   0.000     .3424347    .4116653 
   massmerch |   .1229071    .012251    10.03   0.000     .0988952    .1469189 
 supercenter |   .0904534    .008003    11.30   0.000     .0747676    .1061391 
        club |  -.3336063   .0086561   -38.54   0.000    -.3505722   -.3166403 
 convenience |   .7956553   .0292888    27.17   0.000     .7382495    .8530611 
  privatelbl |   -.198116   .0026657   -74.32   0.000    -.2033408   -.1928912 
    hhincome |   8.90e-07   4.44e-08    20.04   0.000     8.03e-07    9.77e-07 
       _cons |  -1.542532   .0083423  -184.90   0.000    -1.558883   -1.526181 
------------------------------------------------------------------------------ 
R-squared     =  0.1798 
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2. Colby 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |   .0325918   .0107092     3.04   0.002      .011601    .0535826 
     central |  -.0417622    .007019    -5.95   0.000      -.05552   -.0280043 
       south |   .0537707   .0072169     7.45   0.000      .039625    .0679164 
      yr2006 |   -.052003   .0041161   -12.63   0.000     -.060071   -.0439351 
          Q1 |    .018833    .005748     3.28   0.001     .0075664    .0300996 
          Q2 |   .0088935   .0057164     1.56   0.120     -.002311    .0200981 
          Q3 |   .0068088   .0057136     1.19   0.233    -.0043903     .018008 
     grocery |   .2664508   .0128293    20.77   0.000     .2413043    .2915972 
        drug |   .1799982   .0642958     2.80   0.005     .0539733    .3060231 
   massmerch |   .1563241    .026697     5.86   0.000     .1039959    .2086524 
 supercenter |   .2013717    .013528    14.89   0.000     .1748557    .2278876 
        club |    .020265   .0203214     1.00   0.319    -.0195665    .0600964 
 convenience |   .4360019   .0673203     6.48   0.000     .3040489    .5679549 
  privatelbl |   -.192452   .0044846   -42.91   0.000    -.2012422   -.1836619 
    hhincome |   9.41e-07   7.98e-08    11.79   0.000     7.85e-07    1.10e-06 
       _cons |  -1.716326    .014483  -118.51   0.000    -1.744713   -1.687938 
------------------------------------------------------------------------------ 
R-squared     =  0.1127  
 
 
 
 
 
 
 
 
3. Cheddar 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.0206011   .0025156    -8.19   0.000    -.0255316   -.0156707 
     central |  -.0613484   .0025658   -23.91   0.000    -.0663773   -.0563195 
       south |   .0241642    .002111    11.45   0.000     .0200266    .0283018 
      yr2006 |  -.0336959   .0016036   -21.01   0.000     -.036839   -.0305528 
          Q1 |    .024098   .0022291    10.81   0.000      .019729     .028467 
          Q2 |   .0122578   .0022268     5.50   0.000     .0078933    .0166224 
          Q3 |   .0172351   .0022373     7.70   0.000     .0128501    .0216202 
     grocery |   .2799489    .005093    54.97   0.000     .2699667    .2899311 
        drug |   .1840719    .020947     8.79   0.000     .1430164    .2251275 
   massmerch |   .1864602   .0093306    19.98   0.000     .1681725     .204748 
 supercenter |    .177702   .0054438    32.64   0.000     .1670324    .1883717 
        club |  -.0703434   .0057725   -12.19   0.000    -.0816574   -.0590294 
 convenience |   .6148356   .0199643    30.80   0.000     .5757061    .6539651 
  privatelbl |  -.2380366   .0016888  -140.95   0.000    -.2413466   -.2347266 
    hhincome |   1.14e-06   2.94e-08    38.85   0.000     1.08e-06    1.20e-06 
       _cons |  -1.664997   .0055778  -298.51   0.000     -1.67593   -1.654065 
------------------------------------------------------------------------------ 
R-squared     =  0.1478 
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4. Swiss 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.1115209    .004717   -23.64   0.000    -.1207663   -.1022754 
     central |  -.1366928   .0041101   -33.26   0.000    -.1447486   -.1286369 
       south |   -.040497   .0037122   -10.91   0.000     -.047773    -.033221 
      yr2006 |  -.0454289   .0027179   -16.71   0.000    -.0507561   -.0401018 
          Q1 |   .0292498   .0038502     7.60   0.000     .0217033    .0367962 
          Q2 |   .0019158   .0038098     0.50   0.615    -.0055514     .009383 
          Q3 |   .0015442   .0037588     0.41   0.681     -.005823    .0089115 
     grocery |   .3985822   .0088724    44.92   0.000     .3811922    .4159721 
        drug |   .2349427    .037278     6.30   0.000     .1618774    .3080079 
   massmerch |   .2010463   .0191687    10.49   0.000     .1634754    .2386172 
 supercenter |   .2229072    .009403    23.71   0.000     .2044772    .2413372 
        club |  -.0517694   .0100998    -5.13   0.000    -.0715652   -.0319736 
 convenience |   .5223791    .065561     7.97   0.000     .3938788    .6508794 
  privatelbl |  -.2897084   .0029263   -99.00   0.000     -.295444   -.2839728 
    hhincome |   9.36e-07   4.95e-08    18.89   0.000     8.39e-07    1.03e-06 
       _cons |  -1.385515   .0096985  -142.86   0.000    -1.404525   -1.366506 
------------------------------------------------------------------------------ 
R-squared     =  0.2557 
 
 
 
 
 
5. Remaining natural 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.0454467   .0035749   -12.71   0.000    -.0524535   -.0384399 
     central |  -.0729383   .0029136   -25.03   0.000     -.078649   -.0672276 
       south |   .0322421   .0028144    11.46   0.000     .0267259    .0377583 
      yr2006 |  -.0435393   .0020649   -21.09   0.000    -.0475865   -.0394922 
          Q1 |   .0238019   .0029066     8.19   0.000     .0181051    .0294987 
          Q2 |   .0076287   .0028599     2.67   0.008     .0020233    .0132341 
          Q3 |   .0100328   .0028608     3.51   0.000     .0044257    .0156399 
     grocery |   .2839302    .006805    41.72   0.000     .2705924    .2972679 
        drug |   .1474171   .0282332     5.22   0.000     .0920805    .2027537 
   massmerch |   .1801514   .0124911    14.42   0.000      .155669    .2046337 
 supercenter |   .1548932   .0071906    21.54   0.000     .1407997    .1689867 
        club |  -.1565975   .0077064   -20.32   0.000    -.1717019   -.1414932 
 convenience |   .6324873   .0337504    18.74   0.000      .566337    .6986376 
  privatelbl |  -.2529314   .0021863  -115.69   0.000    -.2572165   -.2486464 
    hhincome |   1.24e-06   3.81e-08    32.47   0.000     1.16e-06    1.31e-06 
       _cons |  -1.589291   .0074412  -213.58   0.000    -1.603876   -1.574707 
------------------------------------------------------------------------------ 
R-squared     =  0.1826 
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6. Processed slices 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.0381762   .0028486   -13.40   0.000    -.0437594    -.032593 
     central |  -.1790555   .0025077   -71.40   0.000    -.1839706   -.1741404 
       south |  -.1394484   .0023414   -59.56   0.000    -.1440374   -.1348594 
      yr2006 |   -.034595   .0015407   -22.45   0.000    -.0376147   -.0315753 
          Q1 |   .0123895    .002208     5.61   0.000     .0080618    .0167172 
          Q2 |  -.0265542    .002186   -12.15   0.000    -.0308388   -.0222696 
          Q3 |  -.0193176   .0021954    -8.80   0.000    -.0236206   -.0150146 
     grocery |   .2636292   .0048183    54.71   0.000     .2541855    .2730729 
        drug |   .1922654   .0186962    10.28   0.000     .1556213    .2289095 
   massmerch |   .1679196   .0087583    19.17   0.000     .1507536    .1850855 
 supercenter |   .2120491   .0051085    41.51   0.000     .2020366    .2220616 
        club |  -.1476076   .0062832   -23.49   0.000    -.1599225   -.1352926 
 convenience |   .4801851   .0230569    20.83   0.000     .4349942    .5253759 
  privatelbl |  -.2798842   .0016344  -171.25   0.000    -.2830876   -.2766809 
    hhincome |   1.42e-06   2.92e-08    48.72   0.000     1.37e-06    1.48e-06 
       _cons |  -1.825163   .0054152  -337.05   0.000    -1.835776   -1.814549 
------------------------------------------------------------------------------ 
R-squared     =  0.1566 
 
 
 
7. Loaves 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.0332138   .0065677    -5.06   0.000    -.0460867   -.0203409 
     central |  -.2544373   .0048416   -52.55   0.000    -.2639269   -.2449476 
       south |  -.1743673   .0045762   -38.10   0.000    -.1833367   -.1653979 
      yr2006 |  -.0210475    .002819    -7.47   0.000    -.0265727   -.0155223 
          Q1 |  -.0066487   .0036867    -1.80   0.071    -.0138748    .0005773 
          Q2 |   .0009584   .0039849     0.24   0.810    -.0068521    .0087689 
          Q3 |  -.0039208   .0039691    -0.99   0.323    -.0117004    .0038588 
     grocery |   .1290524   .0102142    12.63   0.000     .1090324    .1490724 
        drug |   .0691316   .0337331     2.05   0.040     .0030139    .1352493 
   massmerch |  -.1085646    .012922    -8.40   0.000    -.1338921   -.0832371 
 supercenter |  -.0162015   .0104734    -1.55   0.122    -.0367298    .0043267 
        club |  -.1734732    .012622   -13.74   0.000    -.1982126   -.1487339 
 convenience |   .4171677   .0717076     5.82   0.000      .276619    .5577164 
  privatelbl |  -.3607857    .004099   -88.02   0.000    -.3688199   -.3527516 
    hhincome |   4.16e-07   5.36e-08     7.77   0.000     3.11e-07    5.21e-07 
       _cons |  -1.818187    .011237  -161.80   0.000    -1.840212   -1.796162 
------------------------------------------------------------------------------ 
R-squared     =  0.2593 
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8. Snacks 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.1847766   .0062232   -29.69   0.000    -.1969741   -.1725792 
     central |  -.2077423   .0055035   -37.75   0.000    -.2185292   -.1969554 
       south |  -.2771461   .0049764   -55.69   0.000    -.2868999   -.2673923 
      yr2006 |   .0053718   .0035263     1.52   0.128    -.0015398    .0122835 
          Q1 |   .0265397   .0047533     5.58   0.000     .0172233    .0358561 
          Q2 |   .0028028   .0048239     0.58   0.561    -.0066521    .0122577 
          Q3 |   .0235744   .0048897     4.82   0.000     .0139905    .0331583 
     grocery |   .6561977    .007485    87.67   0.000     .6415272    .6708682 
        drug |   .2677272   .0293907     9.11   0.000     .2101214    .3253331 
   massmerch |   .4639366   .0140646    32.99   0.000     .4363701    .4915032 
 supercenter |   .3949395   .0085884    45.99   0.000     .3781062    .4117728 
        club |   .5270272   .0108133    48.74   0.000      .505833    .5482213 
 convenience |   .5706657   .0583831     9.77   0.000     .4562346    .6850967 
  privatelbl |  -.5409954   .0055034   -98.30   0.000     -.551782   -.5302087 
    hhincome |   1.94e-06   6.43e-08    30.11   0.000     1.81e-06    2.06e-06 
       _cons |   -1.64942   .0089167  -184.98   0.000    -1.666897   -1.631944 
------------------------------------------------------------------------------ 
R-squared     =  0.2777 
 
 
 
 
 
 
 
 
 
 
 
9. Cream cheese 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.1590082   .0025855   -61.50   0.000    -.1640757   -.1539408 
     central |  -.1969853   .0023879   -82.49   0.000    -.2016654   -.1923052 
       south |  -.1697421   .0022492   -75.47   0.000    -.1741504   -.1653338 
      yr2006 |  -.0307205   .0015768   -19.48   0.000    -.0338109     -.02763 
          Q1 |   .1341437    .002153    62.30   0.000     .1299238    .1383637 
          Q2 |   .1360631   .0021469    63.38   0.000     .1318552     .140271 
          Q3 |   .1606729   .0021701    74.04   0.000     .1564195    .1649263 
     grocery |   .2316681   .0054471    42.53   0.000     .2209919    .2423444 
        drug |    .134361   .0151053     8.89   0.000      .104755    .1639671 
   massmerch |   .0854464   .0089766     9.52   0.000     .0678525    .1030403 
 supercenter |   .1286446   .0057519    22.37   0.000      .117371    .1399181 
        club |  -.1069233   .0081728   -13.08   0.000    -.1229419   -.0909048 
 convenience |   .4824511   .0308434    15.64   0.000     .4219989    .5429034 
  privatelbl |   -.260889   .0016413  -158.95   0.000     -.264106    -.257672 
    hhincome |   7.07e-07   2.88e-08    24.50   0.000     6.50e-07    7.63e-07 
       _cons |  -1.844627    .005909  -312.17   0.000    -1.856209   -1.833046 
------------------------------------------------------------------------------ 
R-squared     =  0.1778 
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10. Ricotta 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.3312055   .0059794   -55.39   0.000    -.3429255   -.3194855 
     central |  -.1394994   .0068367   -20.40   0.000    -.1528997    -.126099 
       south |  -.2238322   .0060357   -37.08   0.000    -.2356626   -.2120018 
      yr2006 |   .0126423     .00394     3.21   0.001     .0049198    .0203648 
          Q1 |   .0337448   .0051905     6.50   0.000     .0235711    .0439186 
          Q2 |   .0288344   .0055771     5.17   0.000      .017903    .0397658 
          Q3 |   .0817662   .0057042    14.33   0.000     .0705855    .0929468 
     grocery |    .204305   .0142636    14.32   0.000     .1763474    .2322625 
        drug |   .0416355   .0720512     0.58   0.563    -.0995889    .1828598 
   massmerch |   .0819923   .0313282     2.62   0.009     .0205873    .1433973 
 supercenter |   .0176635   .0151785     1.16   0.245    -.0120873    .0474142 
        club |  -.1799751   .0206182    -8.73   0.000     -.220388   -.1395623 
 convenience |   .5048438   .1200921     4.20   0.000     .2694564    .7402311 
  privatelbl |  -.0686634   .0041207   -16.66   0.000    -.0767402   -.0605867 
    hhincome |   5.86e-07   7.14e-08     8.20   0.000     4.46e-07    7.26e-07 
       _cons |  -2.125945   .0154917  -137.23   0.000     -2.15631   -2.095581 
------------------------------------------------------------------------------ 
R-squared     =  0.1809 
 
 
 
11. Grated cheese 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.1686731   .0036521   -46.19   0.000    -.1758312    -.161515 
     central |  -.2035635   .0035386   -57.53   0.000    -.2104992   -.1966277 
       south |  -.1368955   .0033811   -40.49   0.000    -.1435224   -.1302686 
      yr2006 |  -.0106865   .0022204    -4.81   0.000    -.0150385   -.0063345 
          Q1 |  -.0002164   .0030411    -0.07   0.943     -.006177    .0057441 
          Q2 |  -.0114692   .0031531    -3.64   0.000    -.0176493    -.005289 
          Q3 |   .0006454   .0031432     0.21   0.837    -.0055153    .0068061 
     grocery |   .3688636   .0060772    60.70   0.000     .3569522     .380775 
        drug |   .2760395   .0218688    12.62   0.000     .2331765    .3189025 
   massmerch |   .2263527   .0094658    23.91   0.000     .2077998    .2449057 
 supercenter |   .2922622   .0066759    43.78   0.000     .2791773    .3053471 
        club |   -.014637   .0071543    -2.05   0.041    -.0286595   -.0006146 
 convenience |   .6012091   .0490186    12.26   0.000     .5051324    .6972858 
  privatelbl |  -.2632797   .0023596  -111.58   0.000    -.2679044   -.2586549 
    hhincome |   4.46e-07   4.11e-08    10.87   0.000     3.66e-07    5.27e-07 
       _cons |  -1.133252   .0069591  -162.84   0.000    -1.146892   -1.119612 
------------------------------------------------------------------------------ 
R-squared     =  0.2750 
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12. Specialty/imported cheese 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.1013718   .0047249   -21.45   0.000    -.1106325    -.092111 
     central |  -.1253594   .0043524   -28.80   0.000    -.1338901   -.1168286 
       south |  -.1113311   .0036811   -30.24   0.000    -.1185461   -.1041162 
      yr2006 |  -.0262778   .0028786    -9.13   0.000    -.0319197   -.0206358 
          Q1 |  -.0038178   .0041068    -0.93   0.353    -.0118671    .0042316 
          Q2 |  -.0323123   .0040149    -8.05   0.000    -.0401814   -.0244432 
          Q3 |  -.0497805   .0039967   -12.46   0.000    -.0576141    -.041947 
     grocery |   .3027895   .0082788    36.57   0.000      .286563    .3190159 
        drug |  -.0799364   .0381597    -2.09   0.036    -.1547291   -.0051436 
   massmerch |   .0061616    .022203     0.28   0.781    -.0373562    .0496794 
 supercenter |    .037863   .0092636     4.09   0.000     .0197065    .0560195 
        club |  -.3424867   .0092762   -36.92   0.000     -.360668   -.3243054 
 convenience |   .1084178    .077496     1.40   0.162    -.0434739    .2603094 
  privatelbl |  -.3963462   .0039331  -100.77   0.000     -.404055   -.3886374 
    hhincome |   1.08e-06   5.17e-08    20.88   0.000     9.79e-07    1.18e-06 
       _cons |  -.8941569   .0093563   -95.57   0.000    -.9124952   -.8758186 
------------------------------------------------------------------------------  
R-squared     =  0.260 
 
 
 
 
13. Shredded cheese 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.0528719   .0022854   -23.13   0.000    -.0573513   -.0483925 
     central |  -.1567109   .0018404   -85.15   0.000     -.160318   -.1531037 
       south |  -.0749138   .0017867   -41.93   0.000    -.0784156    -.071412 
      yr2006 |  -.0570286   .0011993   -47.55   0.000    -.0593792    -.054678 
          Q1 |   .0222275   .0016536    13.44   0.000     .0189865    .0254685 
          Q2 |  -.0021259   .0016881    -1.26   0.208    -.0054345    .0011827 
          Q3 |   .0041289   .0016915     2.44   0.015     .0008136    .0074443 
     grocery |   .1811664   .0044151    41.03   0.000      .172513    .1898199 
        drug |   -.028056   .0127136    -2.21   0.027    -.0529743   -.0031377 
   massmerch |   .1114454   .0078227    14.25   0.000     .0961131    .1267777 
 supercenter |   .1278563   .0046408    27.55   0.000     .1187605    .1369521 
        club |   -.242743     .00549   -44.22   0.000    -.2535031   -.2319829 
 convenience |   .4024755   .0253354    15.89   0.000     .3528188    .4521323 
  privatelbl |  (omitted) 
    hhincome |   1.39e-06   2.21e-08    62.64   0.000     1.34e-06    1.43e-06 
       _cons |  -1.595437   .0048257  -330.61   0.000    -1.604895   -1.585978 
------------------------------------------------------------------------------ 
R-squared     =  0.0761 
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14. Cottage cheese 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.0480973   .0020157   -23.86   0.000     -.052048   -.0441466 
     central |  -.1666764   .0016454  -101.30   0.000    -.1699013   -.1634515 
       south |  -.0725236    .001628   -44.55   0.000    -.0757144   -.0693329 
      yr2006 |    .015433   .0012035    12.82   0.000     .0130741    .0177919 
          Q1 |  -.0107422   .0017361    -6.19   0.000    -.0141449   -.0073396 
          Q2 |  -.0129074   .0017281    -7.47   0.000    -.0162945   -.0095203 
          Q3 |  -.0085888   .0017277    -4.97   0.000    -.0119751   -.0052025 
     grocery |   .2646765   .0043021    61.52   0.000     .2562445    .2731084 
        drug |   .2321009    .014708    15.78   0.000     .2032736    .2609283 
   massmerch |   .2167185   .0080975    26.76   0.000     .2008476    .2325894 
 supercenter |    .207626    .004603    45.11   0.000     .1986043    .2166477 
        club |  -.0715424   .0057919   -12.35   0.000    -.0828944   -.0601904 
 convenience |   .3574676   .0209447    17.07   0.000     .3164166    .3985186 
  privatelbl |  -.3494823   .0012489  -279.84   0.000    -.3519301   -.3470345 
    hhincome |   9.03e-07   2.22e-08    40.59   0.000     8.59e-07    9.46e-07 
       _cons |  -2.319774   .0046149  -502.67   0.000    -2.328819   -2.310729 
------------------------------------------------------------------------------ 
R-squared     =  0.1870 
 
 
 
 
 
15. Aggregate natural cheese 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.0737271   .0017068   -43.20   0.000    -.0770723   -.0703818 
     central |  -.0692957   .0015504   -44.69   0.000    -.0723345   -.0662569 
       south |   .0121458   .0014109     8.61   0.000     .0093804    .0149111 
      yr2006 |  -.0342667   .0010466   -32.74   0.000     -.036318   -.0322153 
          Q1 |     .02829   .0014686    19.26   0.000     .0254116    .0311683 
          Q2 |   .0157477   .0014599    10.79   0.000     .0128864     .018609 
          Q3 |   .0233022   .0014591    15.97   0.000     .0204424    .0261621 
     grocery |   .2922594   .0033488    87.27   0.000     .2856959    .2988228 
        drug |    .306509   .0114393    26.79   0.000     .2840884    .3289297 
   massmerch |   .1712272    .006061    28.25   0.000     .1593477    .1831066 
 supercenter |   .1642637   .0035589    46.16   0.000     .1572884    .1712389 
        club |  -.1394442    .003822   -36.48   0.000    -.1469352   -.1319532 
 convenience |   .6463261   .0144141    44.84   0.000     .6180749    .6745774 
  privatelbl |  -.2459187   .0011077  -222.01   0.000    -.2480897   -.2437477 
    hhincome |   1.18e-06   1.92e-08    61.31   0.000     1.14e-06    1.21e-06 
       _cons |  -1.602814   .0036743  -436.22   0.000    -1.610015   -1.595612 
------------------------------------------------------------------------------ 
R-squared     =  0.1612 
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16. Aggregate processed cheese 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.1098386    .001973   -55.67   0.000    -.1137056   -.1059715 
     central |  -.2137265   .0017533  -121.90   0.000    -.2171629   -.2102902 
       south |  -.1796667   .0016342  -109.94   0.000    -.1828697   -.1764638 
      yr2006 |  -.0259091   .0011142   -23.25   0.000    -.0280928   -.0237254 
          Q1 |   .0515163   .0015365    33.53   0.000     .0485047    .0545278 
          Q2 |   .0334026   .0015366    21.74   0.000     .0303909    .0364143 
          Q3 |   .0469627   .0015474    30.35   0.000     .0439299    .0499955 
     grocery |   .2740105   .0033938    80.74   0.000     .2673587    .2806623 
        drug |   .1778536   .0115651    15.38   0.000     .1551864    .2005209 
   massmerch |    .140887   .0057957    24.31   0.000     .1295276    .1522463 
 supercenter |   .1662662   .0036142    46.00   0.000     .1591826    .1733499 
        club |  -.0299289   .0046527    -6.43   0.000    -.0390479   -.0208098 
 convenience |    .483383   .0188221    25.68   0.000     .4464923    .5202736 
  privatelbl |  -.3252849   .0012057  -269.80   0.000    -.3276479   -.3229218 
    hhincome |   1.26e-06   2.07e-08    60.90   0.000     1.22e-06    1.30e-06 
       _cons |  -1.783759   .0037823  -471.61   0.000    -1.791172   -1.776345 
------------------------------------------------------------------------------ 
R-squared     =  0.1591 
 
 
 
 
 
 
17. Other cheese category 
 
 
------------------------------------------------------------------------------ 
      lnppoz |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        east |  -.0376342   .0021895   -17.19   0.000    -.0419256   -.0333429 
     central |   -.146393   .0018538   -78.97   0.000    -.1500264   -.1427596 
       south |  -.0050704   .0017783    -2.85   0.004    -.0085558    -.001585 
      yr2006 |  -.0094099   .0012675    -7.42   0.000    -.0118943   -.0069256 
          Q1 |  -.0161721   .0017739    -9.12   0.000    -.0196489   -.0126952 
          Q2 |  -.0316114   .0017926   -17.63   0.000    -.0351248   -.0280979 
          Q3 |   -.022344    .001794   -12.46   0.000    -.0258601   -.0188279 
     grocery |   .2185497   .0043459    50.29   0.000     .2100319    .2270676 
        drug |   .0531706   .0143227     3.71   0.000     .0250986    .0812425 
   massmerch |   .2062361   .0080185    25.72   0.000     .1905201    .2219522 
 supercenter |   .1470521   .0046351    31.73   0.000     .1379674    .1561368 
        club |  -.0416625   .0053441    -7.80   0.000    -.0521367   -.0311883 
 convenience |   .2491191   .0256386     9.72   0.000     .1988683    .2993698 
  privatelbl |  -.6625388     .00154  -430.21   0.000    -.6655572   -.6595204 
    hhincome |   2.15e-06   2.32e-08    92.59   0.000     2.11e-06    2.20e-06 
       _cons |  -1.744259   .0047534  -366.95   0.000    -1.753576   -1.734943 
------------------------------------------------------------------------------ 
R-squared     =  0.2172 
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APPENDIX B 
 
  Estimation results of the panel Tobit model for all cheese varieties, the 
unconditional and conditional marginal effects for the explanatory variables, and the 
own-price, cross-price, income, and advertising elasticities. 
1- Colby 
Variable Coefficient Standard Error p- value 
    lnP02 -34.739 0.552 0.000 
lnP05 3.910 1.554 0.012 
lnP06 0.191 0.654 0.771 
lnP14 -0.554 0.979 0.572 
lnPrn 0.131 0.713 0.854 
lnPp 3.917 0.444 0.000 
lnP08 -4.919 1.127 0.000 
lnP09 2.634 0.947 0.005 
lnP15 0.185 0.627 0.768 
lnP17 5.392 0.586 0.000 
lnPcf -2.300 0.711 0.001 
lnhhinc 6.963 0.536 0.000 
    hhsize1 -24.399 1.794 0.000 
hhsize2 -13.512 1.683 0.000 
hhsize3 -7.824 1.596 0.000 
hhsize4 -3.391 1.456 0.020 
child05 6.237 1.493 0.000 
child612 5.253 1.188 0.000 
child1317 1.583 1.126 0.160 
age_2535 -5.786 7.156 0.419 
age_3545 -10.296 7.083 0.146 
age_4565 -14.197 7.057 0.044 
age_ovr65 -21.730 7.072 0.002 
edu_lesshs -11.895 1.810 0.000 
edu_hs -8.105 0.807 0.000 
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edu_somecol -3.173 0.736 0.000 
white 4.359 1.685 0.010 
black -24.327 2.020 0.000 
oriental -10.041 2.588 0.000 
hispanic 8.105 1.525 0.000 
east -7.792 1.032 0.000 
central -9.974 0.905 0.000 
south -16.782 0.861 0.000 
Q1 0.554 0.655 0.398 
Q2 0.629 0.585 0.282 
Q3 2.884 0.400 0.000 
    lnl1adv 0.815 0.629 0.195 
lnl2adv 1.967 0.727 0.007 
lnl3adv 2.390 1.224 0.051 
_cons -177.564 23.228 0.000 
    sigma_u 42.096 0.307 0.000 
sigma_e 36.000 0.136 0.000 
rho 0.578 0.004   
    
pseudo R2 0.091     
 
 
 
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        lnP02 -6.941 0.120 0.000 
 
-7.552 0.122 0.000 
lnP05 0.781 0.310 0.012 
 
0.850 0.338 0.012 
lnP06 0.038 0.131 0.771 
 
0.041 0.142 0.771 
lnP14 -0.111 0.196 0.572 
 
-0.120 0.213 0.572 
lnPrn 0.026 0.143 0.854   0.029 0.155 0.854 
lnPp 0.783 0.089 0.000 
 
0.851 0.097 0.000 
lnP08 -0.983 0.225 0.000 
 
-1.069 0.245 0.000 
lnP09 0.526 0.189 0.005 
 
0.573 0.206 0.005 
lnP15 0.037 0.125 0.768 
 
0.040 0.136 0.768 
lnP17 1.077 0.117 0.000 
 
1.172 0.127 0.000 
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lnPcf -0.460 0.142 0.001   -0.500 0.155 0.001 
lnhhinc 1.391 0.108 0.000   1.514 0.117 0.000 
hhsize1 -4.875 0.361 0.000 
 
-5.304 0.391 0.000 
hhsize2 -2.700 0.337 0.000 
 
-2.937 0.366 0.000 
hhsize3 -1.563 0.319 0.000 
 
-1.701 0.347 0.000 
hhsize4 -0.678 0.291 0.020   -0.737 0.317 0.020 
child05 1.246 0.299 0.000 
 
1.356 0.325 0.000 
child612 1.050 0.238 0.000 
 
1.142 0.258 0.000 
child1317 0.316 0.225 0.160   0.344 0.245 0.160 
age_2535 -1.156 1.430 0.419 
 
-1.258 1.556 0.419 
age_3545 -2.057 1.415 0.146 
 
-2.238 1.540 0.146 
age_4565 -2.837 1.410 0.044 
 
-3.086 1.534 0.044 
age_ovr65 -4.342 1.414 0.002   -4.724 1.538 0.002 
edu_lesshs -2.377 0.362 0.000 
 
-2.586 0.394 0.000 
edu_hs -1.619 0.162 0.000 
 
-1.762 0.176 0.000 
edu_somecol -0.634 0.147 0.000   -0.690 0.160 0.000 
white 0.871 0.337 0.010 
 
0.948 0.366 0.010 
black -4.861 0.406 0.000 
 
-5.289 0.440 0.000 
oriental -2.006 0.518 0.000   -2.183 0.563 0.000 
hispanic 1.619 0.305 0.000   1.762 0.332 0.000 
east -1.557 0.207 0.000 
 
-1.694 0.224 0.000 
central -1.993 0.182 0.000 
 
-2.168 0.197 0.000 
south -3.353 0.175 0.000   -3.648 0.188 0.000 
Q1 0.111 0.131 0.398 
 
0.120 0.142 0.398 
Q2 0.126 0.117 0.282 
 
0.137 0.127 0.282 
Q3 0.576 0.080 0.000   0.627 0.087 0.000 
lnl1adv 0.163 0.126 0.195 
 
0.177 0.137 0.195 
lnl2adv 0.393 0.145 0.007 
 
0.428 0.158 0.007 
lnl3adv 0.478 0.245 0.051   0.520 0.266 0.051 
 
 
 
 
 
 
 
176 
 
 
 
Unconditional Conditional 
 
Variables Elasticities Elasticities 
 
    P02 -1.083 -0.235 
 P05 0.122 0.026 
 P06 0.006 0.001 
 P14 -0.017 -0.004 
 Prn 0.004 0.001 
 Pp 0.122 0.027 
 P08 -0.153 -0.033 
 P09 0.082 0.018 
 P15 0.006 0.001 
 P17 0.168 0.036 
 Pcf -0.072 -0.016 
 hhinc 0.217 0.047 
 
l1adv 0.025 0.006 
 l2adv 0.061 0.013 
 
l3adv 0.075 0.016 
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2- Mozzarella 
        
Variable Coefficient Standard Error p- value 
    
        lnP02 0.105 0.132 0.427 
    lnP05 -15.324 0.185 0.000 
    lnP06 -0.067 0.114 0.552 
    lnP14 0.743 0.169 0.000 
    lnPrn 0.034 0.126 0.789 
    
lnPp 0.057 0.074 0.443 
    lnP08 0.730 0.244 0.003 
    lnP09 0.622 0.166 0.000 
    lnP15 0.380 0.115 0.001 
    lnP17 0.240 0.100 0.016 
    lnPcf -0.138 0.118 0.242 
    
lnhhinc 0.362 0.067 0.000 
    
        hhsize1 -1.818 0.233 0.000 
    hhsize2 -0.989 0.221 0.000 
    hhsize3 -0.708 0.210 0.001 
    hhsize4 -0.332 0.194 0.087 
    child05 -0.283 0.200 0.158 
    child612 -0.264 0.157 0.093 
    child1317 0.061 0.147 0.680 
    age_2535 0.600 0.959 0.531 
    age_3545 1.230 0.948 0.195 
    age_4565 1.297 0.945 0.170 
    age_ovr65 0.867 0.946 0.359 
    
edu_lesshs -0.025 0.217 0.910 
    edu_hs 0.409 0.102 0.000 
    edu_somecol 0.350 0.094 0.000 
    
white 0.173 0.221 0.433 
    black -0.639 0.254 0.012 
    oriental -0.936 0.344 0.007 
    
hispanic -0.226 0.202 0.263 
    
east 0.693 0.148 0.000 
    central 2.174 0.118 0.000 
    south 1.714 0.120 0.000 
    Q1 0.182 0.064 0.004 
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Q2 0.277 0.060 0.000 
    Q3 0.625 0.074 0.000 
    
        lnadv 1.752 0.113 0.000 
    lnl2adv 1.643 0.121 0.000 
    
_cons -60.765 2.556 0.000 
    
        sigma_u 5.132 0.021 0.000 
    sigma_e 5.640 0.007 0.000 
    rho 0.453 0.002   
    
        
pseudo R2 0.056     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        lnP02 0.044 0.055 0.427 
 
0.034 0.043 0.427 
lnP05 -6.375 0.085 0.000 
 
-4.940 0.063 0.000 
lnP06 -0.028 0.047 0.552 
 
-0.022 0.037 0.552 
lnP14 0.309 0.070 0.000 
 
0.240 0.055 0.000 
lnPrn 0.014 0.053 0.789   0.011 0.041 0.789 
lnPp 0.024 0.031 0.443 
 
0.018 0.024 0.443 
lnP08 0.304 0.101 0.003 
 
0.235 0.079 0.003 
lnP09 0.259 0.069 0.000 
 
0.200 0.053 0.000 
lnP15 0.158 0.048 0.001 
 
0.123 0.037 0.001 
lnP17 0.100 0.041 0.016 
 
0.077 0.032 0.016 
lnPcf -0.057 0.049 0.242   -0.044 0.038 0.242 
lnhhinc 0.151 0.028 0.000   0.117 0.021 0.000 
hhsize1 -0.756 0.097 0.000 
 
-0.586 0.075 0.000 
hhsize2 -0.411 0.092 0.000 
 
-0.319 0.071 0.000 
hhsize3 -0.295 0.088 0.001 
 
-0.228 0.068 0.001 
hhsize4 -0.138 0.081 0.087   -0.107 0.062 0.087 
child05 -0.118 0.083 0.158 
 
-0.091 0.065 0.158 
child612 -0.110 0.065 0.093 
 
-0.085 0.051 0.093 
child1317 0.025 0.061 0.680   0.020 0.047 0.680 
age_2535 0.250 0.399 0.531 
 
0.194 0.309 0.531 
age_3545 0.512 0.394 0.195 
 
0.396 0.306 0.195 
age_4565 0.539 0.393 0.170 
 
0.418 0.305 0.170 
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age_ovr65 0.361 0.394 0.359   0.280 0.305 0.359 
edu_lesshs -0.010 0.090 0.910 
 
-0.008 0.070 0.910 
edu_hs 0.170 0.042 0.000 
 
0.132 0.033 0.000 
edu_somecol 0.145 0.039 0.000   0.113 0.030 0.000 
white 0.072 0.092 0.433 
 
0.056 0.071 0.433 
black -0.266 0.106 0.012 
 
-0.206 0.082 0.012 
oriental -0.389 0.143 0.007   -0.302 0.111 0.007 
hispanic -0.094 0.084 0.263   -0.073 0.065 0.263 
east 0.288 0.061 0.000 
 
0.223 0.048 0.000 
central 0.904 0.049 0.000 
 
0.701 0.038 0.000 
south 0.713 0.050 0.000   0.553 0.039 0.000 
Q1 0.076 0.027 0.004 
 
0.059 0.021 0.004 
Q2 0.115 0.025 0.000 
 
0.089 0.019 0.000 
Q3 0.260 0.031 0.000   0.202 0.024 0.000 
lnadv 0.729 0.047 0.000 
 
0.565 0.037 0.000 
lnl2adv 0.683 0.051 0.000   0.530 0.039 0.000 
        
        
        
 
Unconditional Conditional 
     Variables Elasticities Elasticities 
     
        P02 0.034 0.001 
     
P05 -5.015 -0.214 
     P06 -0.022 -0.001 
     P14 0.243 0.010 
     Prn 0.011 0.000 
     
Pp 0.019 0.001 
     P08 0.239 0.010 
     P09 0.203 0.009 
     P15 0.124 0.005 
     P17 0.079 0.003 
     Pcf -0.045 -0.002 
     hhinc 0.119 0.005 
     adv 0.573 0.024 
     l2adv 0.538 0.023 
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3- Cheddar 
Variable Coefficient Standard Error p- value 
    
        lnP02 -1.835 0.371 0.000 
    lnP05 0.046 0.768 0.952 
    lnP06 -23.060 0.279 0.000 
    lnP14 -1.956 0.485 0.000 
    lnPrn -1.995 0.361 0.000 
    
lnPp 0.509 0.214 0.017 
    lnP08 -0.392 0.660 0.553 
    lnP09 -0.373 0.482 0.439 
    lnP15 -0.362 0.324 0.265 
    lnP17 1.169 0.287 0.000 
    lnPcf -1.842 0.357 0.000 
    
lnhhinc 1.757 0.292 0.000 
    
        hhsize1 -14.577 1.026 0.000 
    hhsize2 -6.306 0.971 0.000 
    hhsize3 -4.192 0.925 0.000 
    hhsize4 -2.840 0.855 0.001 
    child05 1.866 0.877 0.033 
    child612 -1.013 0.691 0.143 
    child1317 2.157 0.648 0.001 
    age_2535 -0.190 4.153 0.964 
    age_3545 -0.218 4.106 0.958 
    age_4565 -0.301 4.091 0.941 
    age_ovr65 -0.487 4.098 0.905 
    
edu_lesshs -4.028 0.965 0.000 
    edu_hs -3.730 0.448 0.000 
    edu_somecol -1.373 0.411 0.001 
    
white 1.174 0.961 0.222 
    black -3.149 1.107 0.004 
    oriental -14.671 1.498 0.000 
    
hispanic -2.688 0.879 0.002 
    
east -10.144 0.583 0.000 
    central -19.554 0.511 0.000 
    south -10.365 0.479 0.000 
    Q1 -2.151 0.183 0.000 
    Q2 -1.823 0.171 0.000 
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Q3 -1.402 0.210 0.000 
    
        lnadv 1.695 0.328 0.000 
    lnl2adv 3.192 0.345 0.000 
    
_cons -87.767 8.616 0.000 
    
        sigma_u 25.753 0.096 0.000 
    sigma_e 21.857 0.035 0.000 
    rho 0.581 0.002   
    
        
pseudo R2 0.115     
    
        
 
 
       
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        lnP02 -0.988 0.200 0.000 
 
-0.718 0.145 0.000 
lnP05 0.025 0.414 0.952 
 
0.018 0.301 0.952 
lnP06 -12.415 0.155 0.000 
 
-9.029 0.112 0.000 
lnP14 -1.053 0.261 0.000 
 
-0.766 0.190 0.000 
lnPrn -1.074 0.194 0.000   -0.781 0.141 0.000 
lnPp 0.274 0.115 0.017 
 
0.199 0.084 0.017 
lnP08 -0.211 0.355 0.553 
 
-0.153 0.258 0.553 
lnP09 -0.201 0.259 0.439 
 
-0.146 0.189 0.439 
lnP15 -0.195 0.175 0.265 
 
-0.142 0.127 0.265 
lnP17 0.629 0.155 0.000 
 
0.458 0.113 0.000 
lnPcf -0.991 0.192 0.000   -0.721 0.140 0.000 
lnhhinc 0.946 0.157 0.000   0.688 0.114 0.000 
hhsize1 -7.848 0.552 0.000 
 
-5.707 0.402 0.000 
hhsize2 -3.395 0.523 0.000 
 
-2.469 0.380 0.000 
hhsize3 -2.257 0.498 0.000 
 
-1.641 0.362 0.000 
hhsize4 -1.529 0.460 0.001   -1.112 0.335 0.001 
child05 1.005 0.472 0.033 
 
0.731 0.343 0.033 
child612 -0.546 0.372 0.143 
 
-0.397 0.271 0.143 
child1317 1.161 0.349 0.001   0.845 0.254 0.001 
age_2535 -0.102 2.236 0.964 
 
-0.074 1.626 0.964 
age_3545 -0.118 2.211 0.958 
 
-0.085 1.608 0.958 
age_4565 -0.162 2.203 0.941 
 
-0.118 1.602 0.941 
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age_ovr65 -0.262 2.206 0.905   -0.191 1.605 0.905 
edu_lesshs -2.169 0.520 0.000 
 
-1.577 0.378 0.000 
edu_hs -2.008 0.241 0.000 
 
-1.460 0.175 0.000 
edu_somecol -0.739 0.221 0.001   -0.538 0.161 0.001 
white 0.632 0.518 0.222 
 
0.460 0.376 0.222 
black -1.695 0.596 0.004 
 
-1.233 0.433 0.004 
oriental -7.898 0.807 0.000   -5.744 0.587 0.000 
hispanic -1.447 0.473 0.002   -1.052 0.344 0.002 
east -5.461 0.314 0.000 
 
-3.972 0.229 0.000 
central -10.527 0.275 0.000 
 
-7.656 0.202 0.000 
south -5.580 0.258 0.000   -4.058 0.188 0.000 
Q1 -1.158 0.099 0.000 
 
-0.842 0.072 0.000 
Q2 -0.982 0.092 0.000 
 
-0.714 0.067 0.000 
Q3 -0.755 0.113 0.000   -0.549 0.082 0.000 
lnadv 0.913 0.177 0.000 
 
0.664 0.128 0.000 
lnl2adv 1.719 0.186 0.000   1.250 0.135 0.000 
        
        
 
Unconditional Conditional 
     Variables Elasticities Elasticities 
     
        P02 -0.073 -0.020 
     P05 0.002 0.000 
     
P06 -0.918 -0.246 
     P14 -0.078 -0.021 
     Prn -0.079 -0.021 
     
Pp 0.020 0.005 
     P08 -0.016 -0.004 
     P09 -0.015 -0.004 
     P15 -0.014 -0.004 
     P17 0.047 0.012 
     Pcf -0.073 -0.020 
     hhinc 0.070 0.019 
     adv 0.067 0.018 
     l2adv 0.127 0.034 
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4- Swiss 
Variable Coefficient Standard Error 
p- 
value 
    
        lnP02 1.352 0.261 0.000 
    lnP05 8.410 0.549 0.000 
    lnP06 1.705 0.230 0.000 
    lnP14 -24.195 0.241 0.000 
    lnPrn 2.447 0.256 0.000 
    
lnPp 1.690 0.151 0.000 
    lnP08 1.851 0.467 0.000 
    lnP09 0.976 0.332 0.003 
    lnP15 -0.073 0.212 0.730 
    lnP17 1.184 0.200 0.000 
    lnPcf 0.147 0.242 0.545 
    
lnhhinc 2.090 0.126 0.000 
    
        hhsize1 -3.798 0.429 0.000 
    hhsize2 -0.725 0.404 0.073 
    hhsize3 -0.235 0.386 0.543 
    hhsize4 0.029 0.358 0.935 
    child05 -0.843 0.371 0.023 
    child612 -1.343 0.290 0.000 
    child1317 -0.909 0.270 0.001 
    age_2535 -0.844 1.814 0.642 
    age_3545 1.628 1.794 0.364 
    age_4565 2.183 1.788 0.222 
    age_ovr65 2.218 1.790 0.215 
    edu_lesshs -3.190 0.422 0.000 
    edu_hs -1.643 0.185 0.000 
    edu_somecol -0.561 0.169 0.001 
    
white 2.823 0.412 0.000 
    black -5.878 0.501 0.000 
    oriental -2.597 0.650 0.000 
    
hispanic -1.779 0.371 0.000 
    
east -2.699 0.271 0.000 
    central -1.853 0.216 0.000 
    south -0.825 0.221 0.000 
    Q1 -0.449 0.137 0.001 
    Q2 -0.311 0.128 0.015 
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Q3 0.275 0.156 0.078 
    
        lnadv 1.257 0.243 0.000 
    lnl2adv 1.709 0.259 0.000 
    
_cons -67.561 5.365 0.000 
    
        sigma_u 7.953 0.032 0.000 
    sigma_e 11.765 0.026 0.000 
    rho 0.314 0.002   
    
        
pseudo R2 0.075     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        lnP02 0.161 0.031 0.000 
 
0.239 0.046 0.000 
lnP05 1.001 0.066 0.000 
 
1.487 0.097 0.000 
lnP06 0.203 0.027 0.000 
 
0.302 0.041 0.000 
lnP14 -2.880 0.037 0.000 
 
-4.278 0.044 0.000 
lnPrn 0.291 0.031 0.000   0.433 0.045 0.000 
lnPp 0.201 0.018 0.000 
 
0.299 0.027 0.000 
lnP08 0.220 0.056 0.000 
 
0.327 0.083 0.000 
lnP09 0.116 0.039 0.003 
 
0.172 0.059 0.003 
lnP15 -0.009 0.025 0.730 
 
-0.013 0.037 0.730 
lnP17 0.141 0.024 0.000 
 
0.209 0.035 0.000 
lnPcf 0.017 0.029 0.545   0.026 0.043 0.545 
lnhhinc 0.249 0.015 0.000   0.370 0.022 0.000 
hhsize1 -0.452 0.051 0.000 
 
-0.672 0.076 0.000 
hhsize2 -0.086 0.048 0.073 
 
-0.128 0.072 0.073 
hhsize3 -0.028 0.046 0.543 
 
-0.042 0.068 0.543 
hhsize4 0.003 0.043 0.935   0.005 0.063 0.935 
child05 -0.100 0.044 0.023 
 
-0.149 0.066 0.023 
child612 -0.160 0.035 0.000 
 
-0.237 0.051 0.000 
child1317 -0.108 0.032 0.001   -0.161 0.048 0.001 
age_2535 -0.100 0.216 0.642 
 
-0.149 0.321 0.642 
age_3545 0.194 0.214 0.364 
 
0.288 0.317 0.364 
age_4565 0.260 0.213 0.222 
 
0.386 0.316 0.222 
age_ovr65 0.264 0.213 0.215   0.392 0.317 0.215 
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edu_lesshs -0.380 0.050 0.000 
 
-0.564 0.075 0.000 
edu_hs -0.196 0.022 0.000 
 
-0.290 0.033 0.000 
edu_somecol -0.067 0.020 0.001   -0.099 0.030 0.001 
white 0.336 0.049 0.000 
 
0.499 0.073 0.000 
black -0.700 0.060 0.000 
 
-1.039 0.089 0.000 
oriental -0.309 0.077 0.000   -0.459 0.115 0.000 
hispanic -0.212 0.044 0.000   -0.314 0.066 0.000 
east -0.321 0.032 0.000 
 
-0.477 0.048 0.000 
central -0.221 0.026 0.000 
 
-0.328 0.038 0.000 
south -0.098 0.026 0.000   -0.146 0.039 0.000 
Q1 -0.053 0.016 0.001 
 
-0.079 0.024 0.001 
Q2 -0.037 0.015 0.015 
 
-0.055 0.023 0.015 
Q3 0.033 0.019 0.078   0.049 0.028 0.078 
lnadv 0.150 0.029 0.000 
 
0.222 0.043 0.000 
lnl2adv 0.203 0.031 0.000   0.302 0.046 0.000 
        
 
 Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        P02 0.065 0.012 
     P05 0.404 0.074 
     P06 0.082 0.015 
     
P14 -1.163 -0.213 
     Prn 0.118 0.022 
     
Pp 0.081 0.015 
     P08 0.089 0.016 
     P09 0.047 0.009 
     P15 -0.004 -0.001 
     P17 0.057 0.010 
     Pcf 0.007 0.001 
     
hhinc 0.101 0.018 
     
adv 0.060 0.011 
     l2adv 0.082 0.015 
      
  
186 
 
 
5- Remaining natural 
Variable Coefficient Standard Error p- value 
    
        lnP02 -0.034 0.238 0.887 
    lnP05 1.034 0.480 0.031 
    lnP06 0.230 0.209 0.272 
    lnP14 -0.014 0.316 0.963 
    lnPrn -20.010 0.200 0.000 
    
lnPp 0.745 0.141 0.000 
    lnP08 1.007 0.431 0.019 
    lnP09 0.582 0.313 0.062 
    lnP15 -0.406 0.207 0.050 
    lnP17 0.644 0.186 0.001 
    lnPcf -0.288 0.228 0.207 
    
lnhhinc 2.107 0.157 0.000 
    
        hhsize1 -6.146 0.545 0.000 
    hhsize2 -4.016 0.516 0.000 
    hhsize3 -1.951 0.491 0.000 
    hhsize4 -1.226 0.453 0.007 
    child05 2.063 0.464 0.000 
    child612 -0.508 0.366 0.165 
    child1317 -0.113 0.344 0.744 
    age_2535 0.495 2.202 0.822 
    age_3545 0.675 2.178 0.757 
    age_4565 0.118 2.170 0.957 
    age_ovr65 -1.655 2.174 0.447 
    
edu_lesshs -1.865 0.520 0.000 
    edu_hs -0.735 0.239 0.002 
    edu_somecol -0.316 0.220 0.151 
    
white 1.046 0.513 0.041 
    black -3.021 0.594 0.000 
    oriental -3.539 0.792 0.000 
    
hispanic 1.551 0.466 0.001 
    
east -5.558 0.324 0.000 
    central -3.709 0.272 0.000 
    south -3.954 0.264 0.000 
    Q1 -0.731 0.122 0.000 
    Q2 -0.461 0.113 0.000 
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Q3 -0.351 0.138 0.011 
    
        lnadv 0.434 0.216 0.044 
    lnl2adv 0.598 0.229 0.009 
    
_cons -43.305 5.231 0.000 
    
        sigma_u 13.233 0.050 0.000 
    sigma_e 13.764 0.019 0.000 
    rho 0.480 0.002   
    
        
pseudo R2 0.103     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value 
 
dy/dx Standard Error p-value 
        lnP02 -0.020 0.137 0.887 
 
-0.014 0.099 0.887 
lnP05 0.596 0.277 0.031 
 
0.429 0.199 0.031 
lnP06 0.132 0.120 0.272 
 
0.095 0.087 0.272 
lnP14 -0.008 0.182 0.963 
 
-0.006 0.131 0.963 
lnPrn -11.539 0.120 0.000   -8.295 0.086 0.000 
lnPp 0.430 0.082 0.000 
 
0.309 0.059 0.000 
lnP08 0.581 0.249 0.019 
 
0.418 0.179 0.019 
lnP09 0.336 0.180 0.062 
 
0.241 0.130 0.062 
lnP15 -0.234 0.119 0.050 
 
-0.168 0.086 0.050 
lnP17 0.372 0.107 0.001 
 
0.267 0.077 0.001 
lnPcf -0.166 0.132 0.207   -0.119 0.095 0.207 
lnhhinc 1.215 0.091 0.000   0.873 0.065 0.000 
hhsize1 -3.544 0.314 0.000 
 
-2.548 0.226 0.000 
hhsize2 -2.316 0.297 0.000 
 
-1.665 0.214 0.000 
hhsize3 -1.125 0.283 0.000 
 
-0.809 0.203 0.000 
hhsize4 -0.707 0.261 0.007   -0.508 0.188 0.007 
child05 1.189 0.268 0.000 
 
0.855 0.192 0.000 
child612 -0.293 0.211 0.165 
 
-0.210 0.152 0.165 
child1317 -0.065 0.199 0.744   -0.047 0.143 0.744 
age_2535 0.285 1.270 0.822 
 
0.205 0.913 0.822 
age_3545 0.389 1.256 0.757 
 
0.280 0.903 0.757 
age_4565 0.068 1.251 0.957 
 
0.049 0.900 0.957 
age_ovr65 -0.954 1.254 0.447   -0.686 0.901 0.447 
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edu_lesshs -1.076 0.300 0.000 
 
-0.773 0.216 0.000 
edu_hs -0.424 0.138 0.002 
 
-0.305 0.099 0.002 
edu_somecol -0.182 0.127 0.151   -0.131 0.091 0.151 
white 0.603 0.296 0.041 
 
0.433 0.213 0.041 
black -1.742 0.343 0.000 
 
-1.252 0.246 0.000 
oriental -2.041 0.457 0.000   -1.467 0.328 0.000 
hispanic 0.894 0.269 0.001   0.643 0.193 0.001 
east -3.205 0.187 0.000 
 
-2.304 0.135 0.000 
central -2.139 0.157 0.000 
 
-1.538 0.113 0.000 
south -2.280 0.152 0.000   -1.639 0.110 0.000 
Q1 -0.421 0.070 0.000 
 
-0.303 0.050 0.000 
Q2 -0.266 0.065 0.000 
 
-0.191 0.047 0.000 
Q3 -0.202 0.080 0.011   -0.146 0.057 0.011 
lnadv 0.250 0.124 0.044 
 
0.180 0.089 0.044 
lnl2adv 0.345 0.132 0.009   0.248 0.095 0.009 
        
        
        
        
 
Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        P02 -0.003 -0.001 
     P05 0.090 0.016 
     P06 0.020 0.003 
     P14 -0.001 0.000 
     Prn -1.737 -0.305 
     
Pp 0.065 0.011 
     P08 0.087 0.015 
     P09 0.051 0.009 
     P15 -0.035 -0.006 
     P17 0.056 0.010 
     Pcf -0.025 -0.004 
     
hhinc 0.183 0.032 
     
adv 0.038 0.007 
     
l2adv 0.052 0.009 
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6- Processed slices 
         
Variable Coefficient Standard Error p- value 
     
         lnPps -16.999 0.345 0.000 
     lnP11 0.226 0.839 0.787 
     lnP12 -0.837 0.453 0.065 
     lnP19 -0.820 0.432 0.058 
     
lnPn -1.191 0.421 0.005 
     lnP08 1.047 1.036 0.312 
     lnP09 -2.267 0.709 0.001 
     lnP15 -0.152 0.514 0.767 
     lnP17 -0.874 0.438 0.046 
     lnPcf -3.162 0.532 0.000 
     
lnhhinc -3.819 0.480 0.000 
     
         hhsize1 -43.896 1.684 0.000 
     hhsize2 -23.044 1.590 0.000 
     hhsize3 -11.779 1.514 0.000 
     hhsize4 -4.572 1.397 0.001 
     child05 0.098 1.438 0.946 
     child612 -1.038 1.128 0.358 
     child1317 2.812 1.060 0.008 
     age_2535 13.243 6.919 0.056 
     age_3545 11.602 6.845 0.090 
     age_4565 8.955 6.820 0.189 
     age_ovr65 5.234 6.832 0.444 
     
edu_lesshs 14.575 1.561 0.000 
     edu_hs 10.967 0.738 0.000 
     edu_somecol 6.791 0.684 0.000 
     
white 3.044 1.599 0.057 
     black -3.137 1.834 0.087 
     oriental -12.857 2.477 0.000 
     
hispanic -1.656 1.453 0.254 
     
east 8.283 0.975 0.000 
     central 14.975 0.863 0.000 
     south 15.518 0.809 0.000 
     Q1 3.270 0.275 0.000 
     Q2 5.741 0.258 0.000 
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Q3 6.151 0.317 0.000 
     
         lnadv 5.579 0.464 0.000 
     lnl2adv 6.228 0.508 0.000 
     
_cons -133.188 12.979 0.000 
     
         sigma_u 43.321 0.231 0.000 
     sigma_e 33.355 0.079 0.000 
     rho 0.628 0.003   
     
         
pseudo R2 0.081     
     
         
         
         
 
Unconditional marginal effects 
 
Conditional marginal effects 
 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
 
         lnPps -7.867 0.162 0.000 
 
-5.935 0.122 0.000 
 lnP11 0.105 0.388 0.787 
 
0.079 0.293 0.787 
 lnP12 -0.387 0.209 0.065 
 
-0.292 0.158 0.065 
 lnP19 -0.379 0.200 0.058   -0.286 0.151 0.058 
 lnPn -0.551 0.195 0.005 
 
-0.416 0.147 0.005 
 lnP08 0.484 0.479 0.312 
 
0.365 0.362 0.312 
 lnP09 -1.049 0.328 0.001 
 
-0.792 0.248 0.001 
 lnP15 -0.070 0.238 0.767 
 
-0.053 0.179 0.767 
 lnP17 -0.404 0.203 0.046 
 
-0.305 0.153 0.046 
 lnPcf -1.464 0.246 0.000   -1.104 0.186 0.000 
 
lnhhinc -1.767 0.222 0.000   -1.333 0.168 0.000 
 
hhsize1 -20.315 0.783 0.000 
 
-15.326 0.592 0.000 
 hhsize2 -10.665 0.736 0.000 
 
-8.046 0.556 0.000 
 hhsize3 -5.451 0.701 0.000 
 
-4.113 0.529 0.000 
 hhsize4 -2.116 0.647 0.001   -1.596 0.488 0.001 
 
child05 0.045 0.666 0.946 
 
0.034 0.502 0.946 
 child612 -0.480 0.522 0.358 
 
-0.362 0.394 0.358 
 child1317 1.302 0.491 0.008   0.982 0.370 0.008 
 age_2535 6.129 3.202 0.056 
 
4.624 2.416 0.056 
 age_3545 5.369 3.168 0.090 
 
4.051 2.390 0.090 
 age_4565 4.145 3.157 0.189 
 
3.127 2.381 0.189 
 age_ovr65 2.423 3.162 0.444   1.828 2.385 0.444 
 edu_lesshs 6.745 0.723 0.000 
 
5.089 0.546 0.000 
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edu_hs 5.075 0.342 0.000 
 
3.829 0.258 0.000 
 edu_somecol 3.143 0.317 0.000   2.371 0.239 0.000 
 
white 1.409 0.740 0.057 
 
1.063 0.558 0.057 
 black -1.452 0.849 0.087 
 
-1.095 0.640 0.087 
 oriental -5.950 1.147 0.000   -4.489 0.865 0.000 
 
hispanic -0.767 0.672 0.254   -0.578 0.507 0.254 
 
east 3.834 0.451 0.000 
 
2.892 0.341 0.000 
 central 6.930 0.400 0.000 
 
5.228 0.302 0.000 
 south 7.181 0.375 0.000   5.418 0.283 0.000 
 Q1 1.513 0.127 0.000 
 
1.142 0.096 0.000 
 Q2 2.657 0.120 0.000 
 
2.005 0.090 0.000 
 Q3 2.847 0.147 0.000   2.148 0.111 0.000 
 lnadv 2.582 0.215 0.000 
 
1.948 0.162 0.000 
 
lnl2adv 2.882 0.235 0.000   2.175 0.177 0.000 
 
         
         
      
      
      
         
 
Unconditional Conditional 
      
Variables Elasticities Elasticities 
      
         Pps -0.407 -0.147 
      P11 0.005 0.002 
      P12 -0.020 -0.007 
      P19 -0.020 -0.007 
      
Pn -0.029 -0.010 
      P08 0.025 0.009 
      P09 -0.054 -0.020 
      P15 -0.004 -0.001 
      P17 -0.021 -0.008 
      Pcf -0.076 -0.027 
      
hhinc -0.092 -0.033 
      adv 0.134 0.048 
      
l2adv 0.149 0.054 
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7- Loaves 
 
Variable Coefficient Standard Error p- value 
    
        lnPps -0.063 0.217 0.770 
    lnP11 -16.836 0.340 0.000 
    lnP12 1.719 0.244 0.000 
    lnP19 -1.032 0.238 0.000 
    lnPn -0.533 0.230 0.021 
    lnP08 1.151 0.555 0.038 
    lnP09 1.226 0.399 0.002 
    lnP15 2.125 0.279 0.000 
    lnP17 -1.265 0.237 0.000 
    lnPcf 0.066 0.287 0.819 
    
lnhhinc -0.266 0.154 0.084 
    
        hhsize1 -10.057 0.528 0.000 
    hhsize2 -5.245 0.496 0.000 
    hhsize3 -3.623 0.472 0.000 
    hhsize4 -1.106 0.434 0.011 
    
child05 -1.210 0.450 0.007 
    child612 -0.101 0.352 0.774 
    child1317 1.199 0.331 0.000 
    
age_2535 4.751 2.241 0.034 
    age_3545 5.404 2.218 0.015 
    age_4565 4.006 2.211 0.070 
    age_ovr65 1.324 2.214 0.550 
    edu_lesshs 2.025 0.499 0.000 
    edu_hs 1.961 0.233 0.000 
    edu_somecol 1.509 0.216 0.000 
    white 1.568 0.512 0.002 
    black -3.296 0.590 0.000 
    oriental -5.601 0.816 0.000 
    
hispanic -2.902 0.467 0.000 
    
east -1.267 0.345 0.000 
    central 2.132 0.280 0.000 
    south 4.398 0.276 0.000 
    
Q1 -1.179 0.158 0.000 
    
193 
 
 
Q2 -2.685 0.151 0.000 
    Q3 -2.387 0.205 0.000 
    
        lnadv 1.387 0.311 0.000 
    lnl1adv 0.583 0.250 0.020 
    lnl2adv 1.682 0.320 0.000 
    
_cons -70.833 5.975 0.000 
    
        sigma_u 11.466 0.041 0.000 
    sigma_e 15.413 0.023 0.000 
    rho 0.356 0.002   
    
        
pseudo R2 0.060     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value 
 
dy/dx Standard Error p-value 
        lnPps -0.023 0.078 0.770 
 
-0.019 0.064 0.770 
lnP11 -6.083 0.127 0.000 
 
-4.975 0.102 0.000 
lnP12 0.621 0.088 0.000 
 
0.508 0.072 0.000 
lnP19 -0.373 0.086 0.000   -0.305 0.070 0.000 
lnPn -0.193 0.083 0.021 
 
-0.157 0.068 0.021 
lnP08 0.416 0.200 0.038 
 
0.340 0.164 0.038 
lnP09 0.443 0.144 0.002 
 
0.362 0.118 0.002 
lnP15 0.768 0.101 0.000 
 
0.628 0.083 0.000 
lnP17 -0.457 0.086 0.000 
 
-0.374 0.070 0.000 
lnPcf 0.024 0.104 0.819   0.019 0.085 0.819 
lnhhinc -0.096 0.056 0.084   -0.079 0.045 0.084 
hhsize1 -3.634 0.191 0.000 
 
-2.971 0.156 0.000 
hhsize2 -1.895 0.179 0.000 
 
-1.550 0.147 0.000 
hhsize3 -1.309 0.171 0.000 
 
-1.071 0.140 0.000 
hhsize4 -0.400 0.157 0.011   -0.327 0.128 0.011 
child05 -0.437 0.163 0.007 
 
-0.357 0.133 0.007 
child612 -0.036 0.127 0.774 
 
-0.030 0.104 0.774 
child1317 0.433 0.120 0.000   0.354 0.098 0.000 
age_2535 1.717 0.810 0.034 
 
1.404 0.662 0.034 
age_3545 1.952 0.801 0.015 
 
1.597 0.655 0.015 
age_4565 1.447 0.799 0.070 
 
1.184 0.653 0.070 
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age_ovr65 0.478 0.800 0.550   0.391 0.654 0.550 
edu_lesshs 0.732 0.180 0.000 
 
0.598 0.147 0.000 
edu_hs 0.709 0.084 0.000 
 
0.580 0.069 0.000 
edu_somecol 0.545 0.078 0.000   0.446 0.064 0.000 
white 0.567 0.185 0.002 
 
0.463 0.151 0.002 
black -1.191 0.213 0.000 
 
-0.974 0.174 0.000 
oriental -2.024 0.295 0.000   -1.655 0.241 0.000 
hispanic -1.048 0.169 0.000   -0.857 0.138 0.000 
east -0.458 0.125 0.000 
 
-0.374 0.102 0.000 
central 0.770 0.101 0.000 
 
0.630 0.083 0.000 
south 1.589 0.100 0.000   1.299 0.082 0.000 
Q1 -0.426 0.057 0.000 
 
-0.348 0.047 0.000 
Q2 -0.970 0.055 0.000 
 
-0.793 0.045 0.000 
Q3 -0.862 0.074 0.000   -0.705 0.061 0.000 
lnadv 0.501 0.112 0.000 
 
0.410 0.092 0.000 
lnl1adv 0.211 0.090 0.020 
 
0.172 0.074 0.020 
lnl2adv 0.608 0.116 0.000   0.497 0.095 0.000 
        
        
     
     
        
        
 
Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        Pps -0.005 0.000 
     P11 -1.213 -0.115 
     P12 0.124 0.012 
     P19 -0.074 -0.007 
     
Pn -0.038 -0.004 
     P08 0.083 0.008 
     P09 0.088 0.008 
     P15 0.153 0.014 
     P17 -0.091 -0.009 
     Pcf 0.005 0.000 
     hhinc -0.019 -0.002 
     adv 0.100 0.009 
     l1adv 0.042 0.004 
     
l2adv 0.121 0.011 
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8- Snacks 
         
Variable Coefficient Standard Error 
p- 
value 
     
         lnPps 0.479 0.141 0.001 
     lnP11 4.873 0.278 0.000 
     lnP12 -7.212 0.125 0.000 
     lnP19 0.778 0.156 0.000 
     
lnPn 0.092 0.149 0.534 
     lnP08 0.016 0.344 0.963 
     lnP09 1.327 0.261 0.000 
     lnP15 2.341 0.175 0.000 
     lnP17 0.150 0.155 0.333 
     lnPcf -0.147 0.184 0.427 
     
lnhhinc 1.396 0.085 0.000 
     
         hhsize1 -2.794 0.295 0.000 
     hhsize2 -0.157 0.278 0.572 
     hhsize3 -0.290 0.265 0.275 
     hhsize4 0.238 0.244 0.331 
     child05 -1.184 0.255 0.000 
     child612 0.382 0.197 0.053 
     child1317 0.211 0.185 0.254 
     age_2535 2.055 1.307 0.116 
     age_3545 2.850 1.294 0.028 
     age_4565 3.542 1.290 0.006 
     age_ovr65 4.470 1.292 0.001 
     edu_lesshs -1.319 0.278 0.000 
     edu_hs -0.312 0.127 0.014 
     edu_somecol 0.210 0.117 0.073 
     
white 0.880 0.281 0.002 
     black -5.985 0.334 0.000 
     oriental -3.114 0.445 0.000 
     
hispanic -2.601 0.259 0.000 
     
east -0.531 0.192 0.006 
     central 1.611 0.158 0.000 
     south 2.851 0.155 0.000 
     Q1 -3.209 0.143 0.000 
     Q2 -3.557 0.150 0.000 
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Q3 -3.545 0.115 0.000 
     
         lnl1adv 0.373 0.178 0.036 
     lnl3adv 0.937 0.288 0.001 
     
_cons -33.808 4.553 0.000 
     
         sigma_u 5.256 0.024 0.000 
     sigma_e 11.142 0.020 0.000 
     rho 0.182 0.002   
     
         
pseudo R2 0.047     
     
         
         
         
 
Unconditional marginal effects 
 
Conditional marginal effects 
 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
 
         lnPps 0.104 0.031 0.001 
 
0.108 0.032 0.001 
 lnP11 1.058 0.061 0.000 
 
1.101 0.063 0.000 
 lnP12 -1.566 0.029 0.000 
 
-1.629 0.029 0.000 
 lnP19 0.169 0.034 0.000   0.176 0.035 0.000 
 lnPn 0.020 0.032 0.534 
 
0.021 0.034 0.534 
 lnP08 0.003 0.075 0.963 
 
0.004 0.078 0.963 
 lnP09 0.288 0.057 0.000 
 
0.300 0.059 0.000 
 lnP15 0.508 0.038 0.000 
 
0.529 0.040 0.000 
 lnP17 0.033 0.034 0.333 
 
0.034 0.035 0.333 
 lnPcf -0.032 0.040 0.427   -0.033 0.042 0.427 
 
lnhhinc 0.303 0.019 0.000   0.315 0.019 0.000 
 
hhsize1 -0.607 0.064 0.000 
 
-0.631 0.067 0.000 
 hhsize2 -0.034 0.060 0.572 
 
-0.035 0.063 0.572 
 hhsize3 -0.063 0.058 0.275 
 
-0.065 0.060 0.275 
 hhsize4 0.052 0.053 0.331   0.054 0.055 0.331 
 
child05 -0.257 0.055 0.000 
 
-0.267 0.058 0.000 
 child612 0.083 0.043 0.053 
 
0.086 0.045 0.053 
 child1317 0.046 0.040 0.254   0.048 0.042 0.254 
 age_2535 0.446 0.284 0.116 
 
0.464 0.295 0.116 
 age_3545 0.619 0.281 0.028 
 
0.644 0.292 0.028 
 age_4565 0.769 0.280 0.006 
 
0.800 0.291 0.006 
 age_ovr65 0.971 0.281 0.001   1.010 0.292 0.001 
 edu_lesshs -0.286 0.060 0.000 
 
-0.298 0.063 0.000 
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edu_hs -0.068 0.028 0.014 
 
-0.070 0.029 0.014 
 edu_somecol 0.046 0.025 0.074   0.047 0.027 0.073 
 
white 0.191 0.061 0.002 
 
0.199 0.064 0.002 
 black -1.300 0.073 0.000 
 
-1.352 0.075 0.000 
 oriental -0.676 0.097 0.000   -0.703 0.101 0.000 
 
hispanic -0.565 0.056 0.000   -0.588 0.059 0.000 
 
east -0.115 0.042 0.006 
 
-0.120 0.043 0.006 
 central 0.350 0.034 0.000 
 
0.364 0.036 0.000 
 south 0.619 0.034 0.000   0.644 0.035 0.000 
 Q1 -0.697 0.031 0.000 
 
-0.725 0.032 0.000 
 Q2 -0.773 0.033 0.000 
 
-0.804 0.034 0.000 
 Q3 -0.770 0.025 0.000   -0.801 0.026 0.000 
 lnl1adv 0.081 0.039 0.036 
 
0.084 0.040 0.036 
 
lnl3adv 0.204 0.063 0.001   0.212 0.065 0.001 
 
         
         
      
      
         
         
 
Unconditional Conditional 
      
Variables Elasticities Elasticities 
      
         Pps 0.034 0.006 
      P11 0.347 0.058 
      P12 -0.513 -0.086 
      P19 0.055 0.009 
      
Pn 0.007 0.001 
      P08 0.001 0.000 
      P09 0.094 0.016 
      P15 0.167 0.028 
      P17 0.011 0.002 
      Pcf -0.010 -0.002 
      
hhinc 0.099 0.017 
      l1adv 0.027 0.004 
      
l3adv 0.067 0.011 
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9- Cream cheese 
        
Variable Coefficient Standard Error p- value 
    
        lnPps 0.611 0.239 0.011 
    lnP11 3.887 0.497 0.000 
    lnP12 1.213 0.270 0.000 
    lnP19 -13.876 0.229 0.000 
    
lnPn -1.010 0.248 0.000 
    lnP08 -1.139 0.567 0.044 
    lnP09 0.141 0.430 0.744 
    lnP15 0.644 0.293 0.028 
    lnP17 0.889 0.257 0.001 
    lnPcf -0.653 0.315 0.038 
    
lnhhinc 2.125 0.213 0.000 
    
        hhsize1 -15.132 0.740 0.000 
    hhsize2 -7.745 0.699 0.000 
    hhsize3 -5.935 0.666 0.000 
    hhsize4 -2.197 0.614 0.000 
    child05 -1.684 0.633 0.008 
    child612 1.374 0.497 0.006 
    child1317 1.277 0.467 0.006 
    age_2535 -3.023 3.006 0.315 
    age_3545 -1.835 2.973 0.537 
    age_4565 -1.463 2.962 0.621 
    age_ovr65 0.268 2.967 0.928 
    
edu_lesshs -3.035 0.700 0.000 
    edu_hs 0.132 0.323 0.682 
    edu_somecol 1.445 0.298 0.000 
    
white 3.606 0.700 0.000 
    black -8.026 0.811 0.000 
    oriental -1.529 1.073 0.154 
    
hispanic -2.140 0.637 0.001 
    
east 2.904 0.433 0.000 
    central 2.057 0.381 0.000 
    south -0.313 0.362 0.388 
    Q1 -9.778 0.163 0.000 
    Q2 -8.817 0.152 0.000 
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Q3 -9.055 0.165 0.000 
    
        lnl2adv 2.438 0.249 0.000 
    
_cons -51.674 4.917 0.000 
    
        sigma_u 17.973 0.073 0.000 
    sigma_e 21.211 0.037 0.000 
    rho 0.418 0.002   
    
        
pseudo R2 0.069     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value 
 
dy/dx Standard Error p-value 
        lnPps 0.306 0.120 0.011 
 
0.226 0.088 0.011 
lnP11 1.949 0.249 0.000 
 
1.438 0.184 0.000 
lnP12 0.608 0.135 0.000 
 
0.449 0.100 0.000 
lnP19 -6.956 0.116 0.000   -5.135 0.086 0.000 
lnPn -0.506 0.124 0.000 
 
-0.374 0.092 0.000 
lnP08 -0.571 0.284 0.044 
 
-0.421 0.210 0.044 
lnP09 0.070 0.215 0.744 
 
0.052 0.159 0.744 
lnP15 0.323 0.147 0.028 
 
0.238 0.109 0.028 
lnP17 0.445 0.129 0.001 
 
0.329 0.095 0.001 
lnPcf -0.328 0.158 0.038   -0.242 0.117 0.038 
lnhhinc 1.065 0.107 0.000   0.786 0.079 0.000 
hhsize1 -7.585 0.371 0.000 
 
-5.599 0.275 0.000 
hhsize2 -3.883 0.351 0.000 
 
-2.866 0.259 0.000 
hhsize3 -2.975 0.334 0.000 
 
-2.196 0.247 0.000 
hhsize4 -1.102 0.308 0.000   -0.813 0.227 0.000 
child05 -0.844 0.318 0.008 
 
-0.623 0.234 0.008 
child612 0.689 0.249 0.006 
 
0.508 0.184 0.006 
child1317 0.640 0.234 0.006   0.473 0.173 0.006 
age_2535 -1.515 1.507 0.315 
 
-1.119 1.112 0.315 
age_3545 -0.920 1.490 0.537 
 
-0.679 1.100 0.537 
age_4565 -0.733 1.485 0.621 
 
-0.541 1.096 0.621 
age_ovr65 0.134 1.487 0.928   0.099 1.098 0.928 
edu_lesshs -1.522 0.351 0.000 
 
-1.123 0.259 0.000 
edu_hs 0.066 0.162 0.682 
 
0.049 0.120 0.682 
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edu_somecol 0.725 0.149 0.000   0.535 0.110 0.000 
white 1.808 0.351 0.000 
 
1.334 0.259 0.000 
black -4.024 0.407 0.000 
 
-2.970 0.300 0.000 
oriental -0.767 0.538 0.154   -0.566 0.397 0.154 
hispanic -1.073 0.320 0.001   -0.792 0.236 0.001 
east 1.456 0.217 0.000 
 
1.075 0.160 0.000 
central 1.031 0.191 0.000 
 
0.761 0.141 0.000 
south -0.157 0.182 0.388   -0.116 0.134 0.388 
Q1 -4.902 0.083 0.000 
 
-3.619 0.061 0.000 
Q2 -4.420 0.077 0.000 
 
-3.263 0.057 0.000 
Q3 -4.539 0.084 0.000   -3.351 0.062 0.000 
lnl2adv 1.222 0.125 0.000   0.902 0.092 0.000 
        
        
      
      
        
        
 
Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        Pps 0.027 0.008 
     P11 0.171 0.054 
     P12 0.053 0.017 
     P19 -0.611 -0.192 
     
Pn -0.044 -0.014 
     P08 -0.050 -0.016 
     P09 0.006 0.002 
     P15 0.028 0.009 
     P17 0.039 0.012 
     Pcf -0.029 -0.009 
     
hhinc 0.094 0.029 
     
l2adv 0.107 0.034 
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10- Ricotta 
 
 
       
Variable Coefficient Standard Error p- value 
    
        lnP08 -20.529 0.266 0.000 
    lnP09 1.329 0.249 0.000 
    lnP15 1.608 0.170 0.000 
    lnP17 0.670 0.156 0.000 
    lnPcf 0.372 0.189 0.049 
    
lnPn -0.738 0.148 0.000 
    lnPp 0.515 0.116 0.000 
    
lnhhinc 1.135 0.101 0.000 
    
        hhsize1 -2.794 0.354 0.000 
    hhsize2 -1.591 0.334 0.000 
    hhsize3 -0.862 0.317 0.007 
    hhsize4 -0.054 0.292 0.854 
    child05 -0.214 0.300 0.476 
    child612 -0.305 0.236 0.196 
    child1317 0.198 0.223 0.373 
    
age_2535 -0.607 1.402 0.665 
    age_3545 -1.226 1.386 0.377 
    age_4565 -1.522 1.381 0.271 
    age_ovr65 -1.458 1.384 0.292 
    
edu_lesshs -1.152 0.337 0.001 
    edu_hs -0.625 0.155 0.000 
    edu_somecol -0.262 0.142 0.065 
    
white 0.612 0.333 0.066 
    black -0.878 0.384 0.022 
    oriental -0.817 0.510 0.109 
    
hispanic 0.371 0.303 0.220 
    east -0.377 0.206 0.067 
    central -2.208 0.181 0.000 
    south -3.856 0.170 0.000 
    Q1 0.438 0.093 0.000 
    Q2 -0.334 0.093 0.000 
    Q3 0.461 0.098 0.000 
    
        lnl1adv 0.022 0.142 0.877 
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_cons -44.195 2.439 0.000 
    
        sigma_u 7.778 0.041 0.000 
    sigma_e 10.661 0.014 0.000 
    rho 0.347 0.003   
    
        
pseudo R2 0.070     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value 
 
dy/dx Standard Error p-value 
        lnP08 -11.263 0.158 0.000 
 
-8.124 0.112 0.000 
lnP09 0.729 0.136 0.000 
 
0.526 0.098 0.000 
lnP15 0.882 0.093 0.000 
 
0.636 0.067 0.000 
lnP17 0.367 0.086 0.000 
 
0.265 0.062 0.000 
lnPcf 0.204 0.104 0.049   0.147 0.075 0.049 
lnPn -0.405 0.081 0.000 
 
-0.292 0.058 0.000 
lnPp 0.283 0.064 0.000 
 
0.204 0.046 0.000 
lnhhinc 0.623 0.056 0.000   0.449 0.040 0.000 
hhsize1 -1.533 0.194 0.000 
 
-1.106 0.140 0.000 
hhsize2 -0.873 0.183 0.000 
 
-0.630 0.132 0.000 
hhsize3 -0.473 0.174 0.007 
 
-0.341 0.126 0.007 
hhsize4 -0.030 0.160 0.854   -0.021 0.116 0.854 
child05 -0.117 0.165 0.476 
 
-0.085 0.119 0.476 
child612 -0.168 0.130 0.196 
 
-0.121 0.094 0.196 
child1317 0.109 0.122 0.373   0.078 0.088 0.373 
age_2535 -0.333 0.769 0.665 
 
-0.240 0.555 0.665 
age_3545 -0.672 0.760 0.377 
 
-0.485 0.549 0.377 
age_4565 -0.835 0.758 0.271 
 
-0.602 0.547 0.271 
age_ovr65 -0.800 0.759 0.292   -0.577 0.548 0.292 
edu_lesshs -0.632 0.185 0.001 
 
-0.456 0.133 0.001 
edu_hs -0.343 0.085 0.000 
 
-0.247 0.061 0.000 
edu_somecol -0.144 0.078 0.065   -0.104 0.056 0.065 
white 0.336 0.182 0.066 
 
0.242 0.132 0.066 
black -0.482 0.211 0.022 
 
-0.347 0.152 0.022 
oriental -0.448 0.280 0.109   -0.323 0.202 0.109 
hispanic 0.204 0.166 0.220   0.147 0.120 0.220 
east -0.207 0.113 0.067 
 
-0.149 0.082 0.067 
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central -1.211 0.099 0.000 
 
-0.874 0.072 0.000 
south -2.116 0.094 0.000   -1.526 0.068 0.000 
Q1 0.240 0.051 0.000 
 
0.173 0.037 0.000 
Q2 -0.183 0.051 0.000 
 
-0.132 0.037 0.000 
Q3 0.253 0.054 0.000   0.182 0.039 0.000 
lnl1adv 0.012 0.078 0.877   0.009 0.056 0.877 
        
        
      
      
      
        
 
Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        P08 -3.983 -0.231 
     P09 0.258 0.015 
     P15 0.312 0.018 
     P17 0.130 0.008 
     Pcf 0.072 0.004 
     Pn -0.143 -0.008 
     Pp 0.100 0.006 
     
hhinc 0.220 0.013 
     
l1adv 0.004 0.000 
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11-  Grated cheese 
        
Variable Coefficient Standard Error p- value 
    
        lnP08 3.969 0.491 0.000 
    lnP09 -26.263 0.288 0.000 
    lnP15 2.504 0.253 0.000 
    lnP17 0.431 0.234 0.065 
    lnPcf 0.974 0.281 0.001 
    
lnPn 0.829 0.225 0.000 
    lnPp 2.030 0.176 0.000 
    
lnhhinc 0.704 0.153 0.000 
    
        hhsize1 -9.896 0.521 0.000 
    hhsize2 -4.848 0.488 0.000 
    hhsize3 -2.635 0.464 0.000 
    hhsize4 -1.015 0.425 0.017 
    child05 -1.088 0.442 0.014 
    child612 -0.009 0.347 0.979 
    child1317 0.461 0.326 0.158 
    age_2535 0.332 2.100 0.874 
    age_3545 -0.462 2.077 0.824 
    age_4565 -1.973 2.070 0.340 
    age_ovr65 -2.790 2.074 0.178 
    
edu_lesshs -0.229 0.499 0.646 
    edu_hs -0.104 0.232 0.654 
    edu_somecol 0.111 0.215 0.607 
    
white 2.506 0.501 0.000 
    black -3.976 0.587 0.000 
    oriental -2.940 0.788 0.000 
    
hispanic 0.263 0.452 0.560 
    
east 3.911 0.319 0.000 
    central -0.088 0.271 0.746 
    south -0.107 0.264 0.687 
    Q1 -0.106 0.234 0.652 
    Q2 -1.767 0.216 0.000 
    Q3 -1.019 0.176 0.000 
    
        lnadv 0.592 0.269 0.028 
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lnl2adv 0.849 0.335 0.011 
    lnl3adv 0.780 0.417 0.061 
    
_cons -49.855 8.402 0.000 
    
        sigma_u 11.311 0.083 0.000 
    sigma_e 15.135 0.060 0.000 
    rho 0.358 0.004   
    
        
pseudo R2 0.119     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        lnP08 0.754 0.093 0.000 
 
0.845 0.105 0.000 
lnP09 -4.990 0.063 0.000 
 
-5.592 0.063 0.000 
lnP15 0.476 0.048 0.000 
 
0.533 0.054 0.000 
lnP17 0.082 0.044 0.065 
 
0.092 0.050 0.065 
lnPcf 0.185 0.053 0.001   0.207 0.060 0.001 
lnPn 0.158 0.043 0.000 
 
0.177 0.048 0.000 
lnPp 0.386 0.034 0.000 
 
0.432 0.038 0.000 
lnhhinc 0.134 0.029 0.000   0.150 0.033 0.000 
hhsize1 -1.880 0.100 0.000 
 
-2.107 0.111 0.000 
hhsize2 -0.921 0.093 0.000 
 
-1.032 0.104 0.000 
hhsize3 -0.501 0.088 0.000 
 
-0.561 0.099 0.000 
hhsize4 -0.193 0.081 0.017   -0.216 0.091 0.017 
child05 -0.207 0.084 0.014 
 
-0.232 0.094 0.014 
child612 -0.002 0.066 0.979 
 
-0.002 0.074 0.979 
child1317 0.088 0.062 0.158   0.098 0.069 0.158 
age_2535 0.063 0.399 0.874 
 
0.071 0.447 0.874 
age_3545 -0.088 0.395 0.824 
 
-0.098 0.442 0.824 
age_4565 -0.375 0.393 0.340 
 
-0.420 0.441 0.340 
age_ovr65 -0.530 0.394 0.178   -0.594 0.442 0.178 
edu_lesshs -0.044 0.095 0.646 
 
-0.049 0.106 0.646 
edu_hs -0.020 0.044 0.654 
 
-0.022 0.049 0.654 
edu_somecol 0.021 0.041 0.607   0.024 0.046 0.607 
white 0.476 0.095 0.000 
 
0.534 0.107 0.000 
black -0.756 0.112 0.000 
 
-0.847 0.125 0.000 
oriental -0.559 0.150 0.000   -0.626 0.168 0.000 
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hispanic 0.050 0.086 0.560   0.056 0.096 0.560 
east 0.743 0.061 0.000 
 
0.833 0.068 0.000 
central -0.017 0.051 0.746 
 
-0.019 0.058 0.746 
south -0.020 0.050 0.687   -0.023 0.056 0.687 
Q1 -0.020 0.044 0.652 
 
-0.022 0.050 0.652 
Q2 -0.336 0.041 0.000 
 
-0.376 0.046 0.000 
Q3 -0.194 0.033 0.000   -0.217 0.037 0.000 
lnadv 0.113 0.051 0.028 
 
0.126 0.057 0.028 
lnl2adv 0.161 0.064 0.011 
 
0.181 0.071 0.011 
lnl3adv 0.148 0.079 0.061   0.166 0.089 0.061 
        
        
      
      
        
        
 
Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        P08 0.338 0.070 
     P09 -2.236 -0.463 
     P15 0.213 0.044 
     P17 0.037 0.008 
     Pcf 0.083 0.017 
     
Pn 0.071 0.015 
     Pp 0.173 0.036 
     
hhinc 0.060 0.012 
     
adv 0.050 0.010 
     l2adv 0.072 0.015 
     
l3adv 0.066 0.014 
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12-  Specialty/imported cheese 
        
Variable Coefficient Standard Error p- value 
    
        lnP08 2.386 0.300 0.000 
    lnP09 2.075 0.220 0.000 
    lnP15 -12.716 0.118 0.000 
    lnP17 0.994 0.134 0.000 
    lnPcf 1.286 0.167 0.000 
    
lnPn 1.391 0.128 0.000 
    lnPp 2.048 0.101 0.000 
    
lnhhinc 2.877 0.099 0.000 
    
        hhsize1 -1.805 0.343 0.000 
    hhsize2 -0.415 0.324 0.201 
    hhsize3 -0.715 0.309 0.021 
    hhsize4 0.153 0.285 0.590 
    child05 -0.575 0.292 0.049 
    child612 -0.863 0.230 0.000 
    child1317 -0.443 0.217 0.041 
    age_2535 -0.757 1.390 0.586 
    age_3545 0.133 1.375 0.923 
    age_4565 -0.097 1.370 0.943 
    age_ovr65 -0.042 1.372 0.976 
    
edu_lesshs -3.529 0.335 0.000 
    edu_hs -2.796 0.150 0.000 
    edu_somecol -1.277 0.136 0.000 
    
white 0.873 0.315 0.006 
    black -3.477 0.371 0.000 
    oriental -0.929 0.483 0.054 
    
hispanic 2.936 0.284 0.000 
    
east -1.583 0.202 0.000 
    central -2.605 0.172 0.000 
    south -1.858 0.163 0.000 
    Q1 -1.201 0.120 0.000 
    Q2 -1.026 0.124 0.000 
    Q3 -1.061 0.094 0.000 
    
        lnl1adv 0.138 0.147 0.351 
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lnl3adv 0.786 0.240 0.001 
    
_cons -33.804 3.980 0.000 
    
        sigma_u 7.639 0.029 0.000 
    sigma_e 9.293 0.015 0.000 
    rho 0.403 0.002   
    
        
pseudo R2 0.114     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        lnP08 0.869 0.109 0.000 
 
0.711 0.089 0.000 
lnP09 0.756 0.080 0.000 
 
0.618 0.065 0.000 
lnP15 -4.632 0.048 0.000 
 
-
3.788 0.037 0.000 
lnP17 0.362 0.049 0.000 
 
0.296 0.040 0.000 
lnPcf 0.468 0.061 0.000   0.383 0.050 0.000 
lnPn 0.507 0.047 0.000 
 
0.414 0.038 0.000 
lnPp 0.746 0.037 0.000 
 
0.610 0.030 0.000 
lnhhinc 1.048 0.037 0.000   0.857 0.030 0.000 
hhsize1 -0.657 0.125 0.000 
 
-
0.538 0.102 0.000 
hhsize2 -0.151 0.118 0.201 
 
-
0.124 0.097 0.201 
hhsize3 -0.261 0.113 0.021 
 
-
0.213 0.092 0.021 
hhsize4 0.056 0.104 0.590   0.046 0.085 0.590 
child05 -0.210 0.107 0.049 
 
-
0.171 0.087 0.049 
child612 -0.315 0.084 0.000 
 
-
0.257 0.069 0.000 
child1317 -0.161 0.079 0.041   
-
0.132 0.065 0.041 
age_2535 -0.276 0.506 0.586 
 
-
0.226 0.414 0.586 
age_3545 0.048 0.501 0.923 
 
0.040 0.409 0.923 
age_4565 -0.035 0.499 0.943 
 
-
0.029 0.408 0.943 
age_ovr65 -0.015 0.500 0.976   
-
0.012 0.409 0.976 
edu_lesshs -1.286 0.122 0.000 
 
-
1.051 0.100 0.000 
edu_hs -1.019 0.055 0.000 
 
- 0.045 0.000 
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0.833 
edu_somecol -0.465 0.050 0.000   
-
0.380 0.041 0.000 
white 0.318 0.115 0.006 
 
0.260 0.094 0.006 
black -1.266 0.135 0.000 
 
-
1.036 0.110 0.000 
oriental -0.338 0.176 0.054   
-
0.277 0.144 0.054 
hispanic 1.069 0.104 0.000   0.875 0.085 0.000 
east -0.577 0.073 0.000 
 
-
0.471 0.060 0.000 
central -0.949 0.063 0.000 
 
-
0.776 0.051 0.000 
south -0.677 0.060 0.000   
-
0.553 0.049 0.000 
Q1 -0.437 0.044 0.000 
 
-
0.358 0.036 0.000 
Q2 -0.374 0.045 0.000 
 
-
0.306 0.037 0.000 
Q3 -0.387 0.034 0.000   
-
0.316 0.028 0.000 
lnl1adv 0.050 0.054 0.351 
 
0.041 0.044 0.351 
lnl3adv 0.286 0.087 0.001   0.234 0.072 0.001 
        
        
      
      
        
        
 
Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        P08 0.283 0.042 
     P09 0.246 0.036 
     P15 -1.508 -0.224 
     P17 0.118 0.017 
     Pcf 0.153 0.023 
     
Pn 0.165 0.024 
     Pp 0.243 0.036 
     
hhinc 0.341 0.051 
     l1adv 0.016 0.002 
     
l3adv 0.093 0.014 
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13- Shredded cheese 
        
Variable Coefficient Standard Error p- value 
    
        lnP08 1.217 0.988 0.218 
    lnP09 -1.743 0.688 0.011 
    lnP15 2.711 0.480 0.000 
    lnP17 -16.162 0.377 0.000 
    lnPcf -3.837 0.516 0.000 
    
lnPn 0.969 0.407 0.017 
    lnPp 0.271 0.324 0.404 
    
lnhhinc 5.015 0.469 0.000 
    
        hhsize1 -38.558 1.646 0.000 
    hhsize2 -20.992 1.556 0.000 
    hhsize3 -12.447 1.482 0.000 
    hhsize4 -4.518 1.366 0.001 
    child05 -2.873 1.405 0.041 
    child612 0.295 1.102 0.789 
    child1317 6.290 1.036 0.000 
    age_2535 -2.406 6.601 0.715 
    age_3545 -5.513 6.528 0.398 
    age_4565 -15.468 6.504 0.017 
    age_ovr65 -29.942 6.516 0.000 
    
edu_lesshs -4.106 1.564 0.009 
    edu_hs 1.749 0.721 0.015 
    edu_somecol 2.052 0.665 0.002 
    
white 8.318 1.564 0.000 
    black -7.104 1.797 0.000 
    oriental -16.627 2.414 0.000 
    
hispanic -8.009 1.426 0.000 
    
east -8.321 0.946 0.000 
    central 13.131 0.819 0.000 
    south 5.317 0.769 0.000 
    Q1 -1.796 0.405 0.000 
    Q2 -4.792 0.372 0.000 
    Q3 -4.524 0.304 0.000 
    
        lnadv 0.867 0.462 0.061 
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lnl2adv 1.723 0.576 0.003 
    lnl3adv 1.360 0.720 0.059 
    
_cons -92.383 16.190 0.000 
    
        sigma_u 42.365 0.222 0.000 
    sigma_e 34.135 0.077 0.000 
    rho 0.606 0.003   
    
        
pseudo R2 0.129     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value 
 
dy/dx Standard Error p-value 
        lnP08 0.594 0.482 0.218 
 
0.445 0.361 0.218 
lnP09 -0.851 0.336 0.011 
 
-0.637 0.251 0.011 
lnP15 1.323 0.234 0.000 
 
0.991 0.175 0.000 
lnP17 -7.889 0.187 0.000 
 
-5.909 0.139 0.000 
lnPcf -1.873 0.252 0.000   -1.403 0.189 0.000 
lnPn 0.473 0.199 0.017 
 
0.354 0.149 0.017 
lnPp 0.132 0.158 0.404 
 
0.099 0.119 0.404 
lnhhinc 2.448 0.229 0.000   1.833 0.172 0.000 
hhsize1 -18.820 0.806 0.000 
 
-
14.097 0.605 0.000 
hhsize2 -10.246 0.760 0.000 
 
-7.675 0.570 0.000 
hhsize3 -6.075 0.723 0.000 
 
-4.551 0.542 0.000 
hhsize4 -2.205 0.667 0.001   -1.652 0.499 0.001 
child05 -1.402 0.686 0.041 
 
-1.050 0.514 0.041 
child612 0.144 0.538 0.789 
 
0.108 0.403 0.789 
child1317 3.070 0.506 0.000   2.300 0.379 0.000 
age_2535 -1.175 3.222 0.715 
 
-0.880 2.413 0.715 
age_3545 -2.691 3.186 0.398 
 
-2.015 2.387 0.398 
age_4565 -7.550 3.175 0.017 
 
-5.655 2.378 0.017 
age_ovr65 -14.615 3.181 0.000   
-
10.947 2.383 0.000 
edu_lesshs -2.004 0.764 0.009 
 
-1.501 0.572 0.009 
edu_hs 0.854 0.352 0.015 
 
0.640 0.264 0.015 
edu_somecol 1.002 0.325 0.002   0.750 0.243 0.002 
white 4.060 0.764 0.000 
 
3.041 0.572 0.000 
black -3.468 0.877 0.000 
 
-2.597 0.657 0.000 
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oriental -8.115 1.179 0.000   -6.079 0.883 0.000 
hispanic -3.909 0.696 0.000   -2.928 0.522 0.000 
east -4.061 0.462 0.000 
 
-3.042 0.346 0.000 
central 6.409 0.400 0.000 
 
4.801 0.300 0.000 
south 2.595 0.375 0.000   1.944 0.281 0.000 
Q1 -0.877 0.197 0.000 
 
-0.657 0.148 0.000 
Q2 -2.339 0.182 0.000 
 
-1.752 0.136 0.000 
Q3 -2.208 0.148 0.000   -1.654 0.111 0.000 
lnadv 0.423 0.226 0.061 
 
0.317 0.169 0.061 
lnl2adv 0.841 0.281 0.003 
 
0.630 0.211 0.003 
lnl3adv 0.664 0.351 0.059   0.497 0.263 0.059 
        
        
     
     
        
        
 
Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        P08 0.029 0.011 
     P09 -0.041 -0.016 
     P15 0.064 0.025 
     P17 -0.380 -0.147 
     Pcf -0.090 -0.035 
     
Pn 0.023 0.009 
     Pp 0.006 0.002 
     
hhinc 0.118 0.046 
     
adv 0.020 0.008 
     l2adv 0.040 0.016 
     
l3adv 0.032 0.012 
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14-  Cottage cheese 
        
Variable Coefficient Standard Error p- value 
    
        lnP08 1.156 1.073 0.281 
    lnP09 -2.582 0.749 0.001 
    lnP15 -0.410 0.512 0.423 
    lnP17 0.589 0.448 0.188 
    lnPcf -33.328 0.475 0.000 
    
lnPn -0.372 0.433 0.390 
    lnPp 1.797 0.337 0.000 
    
lnhhinc 1.886 0.514 0.000 
    
        hhsize1 -16.943 1.836 0.000 
    hhsize2 -6.793 1.740 0.000 
    hhsize3 -4.786 1.662 0.004 
    hhsize4 -2.102 1.536 0.171 
    child05 -3.749 1.583 0.018 
    child612 -4.284 1.241 0.001 
    child1317 -5.285 1.164 0.000 
    age_2535 -1.056 7.497 0.888 
    age_3545 1.438 7.414 0.846 
    age_4565 7.146 7.386 0.333 
    age_ovr65 14.510 7.397 0.050 
    
edu_lesshs -6.289 1.701 0.000 
    edu_hs -3.586 0.793 0.000 
    edu_somecol -1.592 0.732 0.030 
    
white 8.715 1.730 0.000 
    black -13.728 2.012 0.000 
    oriental -9.744 2.674 0.000 
    
hispanic -1.997 1.570 0.204 
    
east -12.919 1.027 0.000 
    central -4.108 0.888 0.000 
    south -13.362 0.838 0.000 
    Q1 3.441 0.286 0.000 
    Q2 4.256 0.267 0.000 
    Q3 4.797 0.327 0.000 
    
        lnadv 2.416 0.495 0.000 
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lnl2adv 1.918 0.544 0.000 
    
_cons -114.504 13.732 0.000 
    
        sigma_u 46.282 0.163 0.000 
    sigma_e 33.804 0.047 0.000 
    rho 0.652 0.002   
    
        
pseudo R2 0.066     
    
        
        
        
 
Unconditional marginal effects 
 
Conditional marginal effects 
Variables dy/dx Standard Error p-value   dy/dx Standard Error p-value 
        lnP08 0.713 0.662 0.281 
 
0.507 0.471 0.281 
lnP09 -1.593 0.462 0.001 
 
-1.133 0.329 0.001 
lnP15 -0.253 0.316 0.423 
 
-0.180 0.225 0.423 
lnP17 0.363 0.276 0.188 
 
0.258 0.196 0.188 
lnPcf -20.560 0.297 0.000   -14.624 0.212 0.000 
lnPn -0.229 0.267 0.390 
 
-0.163 0.190 0.390 
lnPp 1.109 0.208 0.000 
 
0.788 0.148 0.000 
lnhhinc 1.164 0.317 0.000   0.828 0.226 0.000 
hhsize1 -10.452 1.132 0.000 
 
-7.434 0.806 0.000 
hhsize2 -4.190 1.073 0.000 
 
-2.980 0.764 0.000 
hhsize3 -2.953 1.025 0.004 
 
-2.100 0.729 0.004 
hhsize4 -1.297 0.948 0.171   -0.922 0.674 0.171 
child05 -2.313 0.977 0.018 
 
-1.645 0.695 0.018 
child612 -2.643 0.766 0.001 
 
-1.880 0.545 0.001 
child1317 -3.260 0.718 0.000   -2.319 0.511 0.000 
age_2535 -0.652 4.625 0.888 
 
-0.463 3.289 0.888 
age_3545 0.887 4.573 0.846 
 
0.631 3.253 0.846 
age_4565 4.408 4.556 0.333 
 
3.135 3.241 0.333 
age_ovr65 8.951 4.563 0.050   6.367 3.246 0.050 
edu_lesshs -3.880 1.049 0.000 
 
-2.760 0.746 0.000 
edu_hs -2.212 0.489 0.000 
 
-1.573 0.348 0.000 
edu_somecol -0.982 0.451 0.030   -0.698 0.321 0.030 
white 5.376 1.067 0.000 
 
3.824 0.759 0.000 
black -8.469 1.241 0.000 
 
-6.023 0.883 0.000 
oriental -6.011 1.650 0.000   -4.276 1.173 0.000 
hispanic -1.232 0.969 0.204   -0.876 0.689 0.204 
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east -7.970 0.633 0.000 
 
-5.669 0.451 0.000 
central -2.534 0.548 0.000 
 
-1.802 0.390 0.000 
south -8.243 0.516 0.000   -5.863 0.368 0.000 
Q1 2.123 0.177 0.000 
 
1.510 0.126 0.000 
Q2 2.626 0.165 0.000 
 
1.867 0.117 0.000 
Q3 2.959 0.202 0.000   2.105 0.144 0.000 
lnadv 1.490 0.305 0.000 
 
1.060 0.217 0.000 
lnl2adv 1.183 0.335 0.000   0.841 0.239 0.000 
        
        
      
      
        
        
 
Unconditional Conditional 
     
Variables Elasticities Elasticities 
     
        P08 0.029 0.008 
     P09 -0.065 -0.018 
     P15 -0.010 -0.003 
     P17 0.015 0.004 
     Pcf -0.834 -0.226 
     Pn -0.009 -0.003 
     Pp 0.045 0.012 
     
hhinc 0.047 0.013 
     
adv 0.060 0.016 
     
l2adv 0.048 0.013 
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